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APPENDIX:

CLASSIFICATION OF PHOTOGRAPHIC'

LENS TYPES *

The classification is based on the
number of components in the lens, as-
suming that most photographic objec-
tives fall into one or other of the follow-
ing six broad groups:

Singlet (single component with ex-
terior stop) (Types A4, B)

Duplet (two similar components about
a central stop) (Types D, E, F)

Triplet (three airspaced components)
(Types G, H, J, K)

Quadruplet (four airspaced compon-
ents) (Types L, M, N) .

Petzval (two dissimilar thin positive
components widely separated) (Type P)

Telephoto (widely- separated positive
and negative components) (Type T)

NIt is surprising to find that perhaps.

Plan of the Classification
A. Single Lenses

Front or rear single landscape lenses
with a stop separated from the lens.

o}

'B. Singlet Lenses, compound

Front or rear cemented (or closely
airspaced) achromatic lens with an ex-

90 percent of all photographic objective
designs do fall into the ‘above simple
classes. Furthermore, many of the re-
maining 10 percent of doubtful or bor-
derline cases can usually be classified
after a study of the published description
of the design in the patent specification

.or elsewhere.

It is, however, useful to establlsh a
“miscellaneous” classification for occa-
sional odd types that bear no relation to

- any of the well-established classes. Also

a few other special types such as reflect-
ing systems, zoom lenses, anamorphos-
ers, condensers, and viewfinders have
been given distinguishing type letters
that are outside the main classification
given above.

terior stop. These systems are not in-
tended to be used in pairs with a central
stop, and are normally not spherically
corrected.

i)

(The B type may be used to include
telescope objectives if it is desired to do
50.)

*From R. ng,slake “A Classification of Photographlc Lens Types,** J. Opt. Sec. Am.,

36, 251 (1946).
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C. Condensers

D. Duplets, symmetrical, not spheri-
cally corrected '

This class contains systems compnsmg :

two identical or closely similar singlets,
- symmetrically arranged about a central
stop. It also includes the very old-types
consisting of three thin separated com-
ponents, not spherically corrected.

| D—(a) Simple Pcnsc‘op:c
. 7 lenses. ‘

D—(b) Achmmanzed
systems

|N‘ D—¢) Triplets, not spheri-
i\ﬁ cally corrected.

E. Duplets, symmetrical, spherically
corrected and achromatic

This group comprises symmetrical or
almost symmetrical “double objectives,”
in which each half consists of a spheri-
cally corrected single cemented or closely
airspaced unit.

%I%
i
! EF—{(c) Two similar rriplets
GD including narrow airspaces.
{
_ l“ E-—{d) Two similar ce-
| mented quadrup!ets.
i

E—(a) Twe similar ce-
mented doublets.

E—{(b) Two similar ce-
mented triplets.

E—(¢) Two similar quad—
ruplets with airspaces.

Declassified in Part - Sanitized Copy Appro\/ed for Release 2012/08/24 .
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E—(f) Two similar ce-
mented quiunq)lets.

E—(g) Others.

.

F. Duplets, unsymmetrical

This class contains spherically and
chromatically corrected duplets of which
the two halves are decndedly dissimilar to
one another,

Gl

G. Triplets, simple

These lenses contain three single air-
spaced elements, positive outside and
negative inside.

ko

H. Triplets, compound, i.e., containing
one or more compound components

Here ! refers to a single clement and ¢
to a compound component. The com-

_pound components generally comprise

one or more positive and negative ele-
ments cemented together or closely air-
spaced

fip
i
0
m

H—(a) Corﬁponenfs c-i-1.

H-—b) Components l-c-l.
H—(c) Components I-l-c.

H—(d) Componenis c-c-l,
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@El —  H—(g) Components c-c-c.
LN

J. Triplets, divided, i.e., containing
one or more divided components

In this group we find triplets of the G

" type in which one or more of the ele-

ments has been divided into two air-
spaced elements of the same sign as the
original element.

J—{(a) Front element di-

vided, See also Type K,
below.

J—(b) Middle element di-
St vided. These are included

under Type L, below. -
[
{} %I DG

K. Triplets, with an additional menis-
cus component in the front airspace

J—(c) Rear element divided.

This class includes so many important
modern ubjectives that we are justified in
regarding it as a separate type, not
merely "a modified triplet as in class
J—{(a) above.

K—{(a) The lenses in this
% . __G, group comprise four single
elements, the second being
meniscus and the third nega-

tive

CIA-RDP79B00873A001400010012-6

| 1A ) - ' K—(b) Similar to K—(a) -
H—(e) Components c-l-c. % above, but having any or all
: ‘ I of the four components cont-
) %— K}~ H—{f) Components I-c-c.
|

pauna‘ed or split.

I \K——-(c) Systems of this sanie

@ typein which the second and
third components are ce-

! mented together, with or
without another glass ele-
ment between them. Thus,
in this type, the objective
contains two positive ex-
terior components with a
thick -~ meniscus - shaped
negative component placed
between them. -

L. Quadruplets

This class contains objectives having
four airspaced components, in the order
plus——minus : minus—plus, the inner
negative components being either bicon-
cave or meniscus with convex faces
towards the stop. '

|

B L—(a) Four simple ele-

' ments, with biconcave flints.
L—(b) As in L—(a), with

%ﬂ% some components  con-

] pound or di vided.

Q! L—(¢) One or both of the
.@,) _ negative components is a

A meniscus, with the convex

~ surface facing the stop.

M. Quadruplets, meniscus

These are similar to the L type, but
the inner negative components are
meniscus-shaped and concave to the

stop.

] .
I M—(a) Four single ele-
ments.

rt - Sanitized Copy Approve_d' for Release 2012/08/24 :
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{—(b) One or both nega-

A e '
%% tive COI?)[)GIH’?HS cemented.

-

. M—(c) As in M—b), with
-E% the rear positive component
divided.

N. Quadruplets, unbalanced

Here the components are not in the
normal order; or the lens does not fall
into either the L or M type.

@% N—(a) Comporients in the
4@@ order plus—minus ; plus—
' | ‘minus.
| N—(b) Hybrid ebjectives in
-X which one half is of the L-
%I % type and the other half af

the M- type.

P. Petzval and j’rojectio‘n Types

Two thin positive components widely
separated, normally working at high
aperture over a narrow field.

v

N _ (Y] P—(a) Two sepnréted ce-
\ﬂ \!| mented doublets.

| P—(b) Like P—(a), with
4@—»-—-«9 one or both doublets air-
I spaced, or one or both

doublets  replaced by
single elements.

1 ! P—(c) More comph(aled
'__I( ‘ G} 1vpes. _
P—(d) With a ficld flat-
-e]' "’%"‘ tener.
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Q. Misce!!aneous

It

o—(@ Microscope nh ,u’c-
tives.

| ..Q—(b) Profile pricc-
— ____,I_ fors., .
Q—(C) Unclassified ]’h()lo-
graplm objectives.

R. Mirror Lenses

This class contains systems involving
reflecting surfaces in addition to re-

fracting surfaces.

TN T R—(a) Mirror-lens photo-
G@——/—— graphic objectives, using
only spherical surfaces.

R—(b) Mirror lens systems
involving aspheric surj:aces
(including Schmidt systems).

T. Telephoto Systems

-A telephoto lens is one in which the
distance from the front vertex to the
focal plane is less than the focal length.
This result is achicved by means of a

‘positive front member widely sepdrated

f'rom a negative rear member ,
f’

T—(a) Tno thin ceniented
%B- components, positive and

negative, widely paced’

| T—(b) Like T-—(a), but
{X_-_% -one or both components
alrvpaced

Declassified in Part - Sanltlzed Copy Approved for Release 2012/08/24
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T—(¢) More elaborate sys-
‘!E tems.

“T—{«l) Reversed Tcle-
L {KK photo systems. In these
the nc"atwe member
is in fronl and the

back focus is equal to

or greater than the
focal length.

‘ T—(e) Sky lens2s. In these
39‘ a field of 180° is covered,
by the use of a highly dis-
torting reversed telephoto

. construction,

U. ““Zoom” Lenses

These are lens systems of continuously
variable focat length, in which the image
is held constantly in focus by mechanical
means.

U—{(a) Coniplete zbom lens
systems. ’

U—(b) Afocal zoom at-
‘ _e__{_ tachments to be added in

front of a camera lens.

V. Viewfinders and Camem Range-
ﬁnders

W. Anamorphic Systems

These are photographic lens systems
intended to give a greater magnification
in one meridian than in the other, which
effect may be produced either by cylin-

. drical lens surfaces or by refracting
_pfisms. This class does not include sound

optics or scanning units (sce Z).

CIA-RDP79B00873A001400010012-6
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W—(a) Complete anamor-
phic lens systems, using

cy!mdrrca! lenses.
W—(b) Afocal anamorphic
B attachments, using cylindri-

cal lenses.

_ W—(c) Anamorphic attach-
ments, using prisms. _

X. Lens Attachments

(excluding zoom or anamorphic attach—
ments)

A X—(a) Positive or *‘close-
b - —— ”

. _i up” attachments.

Tt - .
{4 X—(b) Negative or “‘dis-
W _}I tance” attachments.

- !

and chromatic attachments.

. X—d) Afocal attach-
“E}i:f—ments to change the

_B____ X—(c) S‘oft Sfocus, diﬁ‘using,

equvalent focal length of”

a lens.

Fe——

! \ X—{(e) High aperture rear
' @ attachments. ]

\--‘_

Y. Eyepieces and Loupes

_Z. Miscellaneous Systeins

Z—(a) Systems for record-
ing, reproducing, and print-
ing sound tracks on film;
and scanning systems of all
kinds.

Z—(b) Other systcms.'

Declassified in Part - Sanltlzed Copy Approved for Release 2012/08/24 :
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Examples of lenses classified according to tlns method are given below,

Lens

Acomar
Actinar
Aeroplan
Aerotar
Akmar
Amatar
Angulon
Anticomar
Apotar

 Apotar

Aristoplan
Aristostigmat
Artar

Aviar

Avus
Avuskop -
Baltar

Bausch & Lomb

Kodak
Anastigmat

Biogon .
Biotar
Bioressar
Bystigmar
Caleinar
Cassar
Celor
Chloroplast
Claron

Maker .

Rito Optik
Steinheil
Staley
Goerz
Friedrich
Zeiss
Schnetder
Plaubel
Agfa
Rietzschel
Meyer
Meyer
Goerz
Taylor-Hobson
Voigtlinder
Vmgtlandcr

Classi-

fication

H—{c)

G

E—(b)
E—(b)

-E—(b)

E—(b)
E—(b)

G, H—(c)
G

E—(b)

G

M—(a)
L—(a)
L--(a)
H—(a)

- G

Bausch & Lomb M—(b)

Bausch & Lomb H—{c)

Zeiss
Zeiss
Zeiss

‘Beck

Rilo Optik
Steinheil
Goerz
Stacble
Schneider

Collinear (Kolli-

near)
Conastigmat

Convertible. -

Doublet

Voigtlinder
Conicssa-Nettel

Raoss

Cooke Triplets Taylor-Hobson
Cooke Converti-
ble  Anastig-

mat
Cooke

Taylor-Hobson

Distor-

tionless Tele-

photo

Cooke-Kodak

Anastigmat
Cooke-Vuro
Corygon
Culminar
Culminar

Enlarging

Taylor-Hobson

Taylor-Hobson
Taylor-Hobson
Friedrich
Steinheil

Steinheil

CIA-RDP79B00873A001400010012-6

N—(a)
M—(b)-
H—(c)
E—(d)
K—(a)
G
L—(a)
M-—(a)
E—(c)

E—(b)
G

E—(d)
G

En—(c)

T—(c)

G
U—a)
G
H—(a)

H—(c)

Lens Muaker,
Dagor Goerz
Dallon Dalimeyer
Detekiiv-

Aplanat Erncmann
Dialyt Rictzschel
Dialytar Laack
Dogmar Goerz
Doniinar Ica
Doppelanastiy-

mat, Ser. Ild Goerz
Doppelanastig- -

mat, Ser, 11h Goerz

' Doppelanastig-

mat, Ser. [Il Goerz
Doppelanastig- .

mat Pa-De  Dette
Doppel-Polynar Laack
Dynar Voigtlinder
Eistal,

Ser. VIIB  Taylor-Hobson
Elmar Leitz
Ernonfi{3.5 Ernemann
Ernon fi6.8 Ernémann
Erroplast Ernemann
FErnostar f12 and

f11.8 . Ernemann
Ernotar Ernemann
Eurygon Rodenstock
Eurygraphe, .

Ser. 1V Berthiot
Eurynar Rodenstock
Flor f12.8 Berthiot

- Flor f13.5, f]4.5 Berthiot
Frontar Goerz
Glaukar Busch
Glyptar Busch
Gortar Goer7
Hekistar Rito Optik
Hektor Leitz
Heliar Voigtlinder
Heligonal Rodenstock
Heliostigmat  Voigtlinder
Helomar , Voigtlander
Hypergon Goerz
Igestar Agfa
Iricentor “Riio Optik -

Clussi-

. fication

E (v
T—(d)l

T-(b)

E—-(a)
L- (a)

G.H (o)

[.-—{a)
L—(2)
H—()
E —(f)
L—(a)
E-- it

M---(a)
E—a)

"H—de)

M- {a)
H- )
H—()
E—(b)
H - (¢)

K—(b)
H-—()
G

E (b}

G. L)
M—(b)
H—(c)
B 7
G
H--c)
L - (a)
G
H-—(g)
H —(e)
F
H -(a)
G
D—(a)
G
~(b)

[
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Classi- ; Classi-
Lens Maker fication Lens Maker fication
Isconar Schneider M—(a) Perigraphe Berthiot E—(b)
‘alostiemat Gocerz L—(2a) Planar Zciss M—(b)
Kataplast Staeble G Plasmat Meyer E—(c)
Kino-Plasmat  Meyer L—(c) Polyxentar {/6.8 Laack E—(b)
} Kodak 4nastar Eastman H—{c), Polyxentar fi4.5 Laack E—c)
{ K—(a)  Primoplane  Taylor-Hobson G
i Kodak Anastig- Protar, Ser. V Zciss F
: mat ‘ Eastman G,H—(c), Protar,
: - L—(a), Ser. Vila Zeiss E—(d)
_ T-—a)  Protoplast Staeble E—(b)
1 Kodak Anaston Eastman G Quinar Steinheil H-—(e)
Kodak Ektar Eastman H—(c), Radionar Schneider G
| H—{e), R-Biotar Zeiss -~ P—(c)
| L—(a), Rectagon Goerz M—(a)
M—{a), Regulyt -Laack G
; M—(b) Septac Dallmeyer M—(b)
1 Kodak Enlarg- ~ Serrac . Dallmeyer H—(c)
| ing Ektanon Eastman G,H—(c), Skopar Voigtlinder H—(c)
i ‘ \ L—(a) Sky Lens Beck T—(¢)
.. Kodak Fnlarg- g Solar Reichert L—(a)
ing Lktar ~ Eastman H—(e), Solinar Agfa H—(c)
' L—(a) Solinear Rietzschel H—(c)
Leukar Busch E—(b) . Sonnar Zeiss K—(<)
Linear Rietzschel E—(1) Stigmar Busch E—(c)
Lineoplast Staeble F Summar Leitz M-—(b)
Lustrar fi4.5  Wray L—(a) Supar Wray G
Magnar o Zeiss T—(a) Super Dagor ~ Goerz E—{b)
Makinar Plaubel E—(b) Symmar Schneider E—(b)
Manar Demuaria- Syator Goerz L—(a)
; Lapicrre H-—(¢) Tachar Astro J—(c)
i Maximar Ica E—(b) Tachon . Astro N-—(b)
[ Metrogon Bausch & Lomb M—(2) Telecentric Ross T-—c)
| Myral Tayioi’-Hobson G Tele-Anasiig- ,
‘ Neostigmar Beck G mat Rilo Optik T—(c)
‘ Netrar Contessa-Nettel G Tele-Dynar Voigtlinder T—(<)
f Nostar lea G Telegor Goerz T—a),
[ Novar Zeiss G , T—(b)
Olor Berthiot H—{c) Tele-Peconar  Plaubel T—@) -
Omnar " Busch M—(a) "Telephoto, -
| Opic Taylor-Hobson M—(b) Ser. VIII  Taylor-Hobson T—(a)
‘ Oppar Agfa H—(c) Tele-Tessar  Zeiss T—(a), .
: Orthometar Zeiss E—(c) T—(b)
Orthostigmat ' Tele-Xenar Schneider T—(¢)
‘ (old) Steinheil E—(b) Telikon Zeiss T—(b)
\ / Orthostigmat - ‘Tenastigmat  Goerz L—(a)
‘ (new) Steinheil E—(c) Tessar Zeiss H-—(c)
: Oxyn Voigtlinder H—(c) Topogon Zeiss M—(a)
l Pantachar = Astro J—(c) Trianar Krauss G
’ Pantar Goerz E—(d) Trilinear Rictzschel G .

- £in

Declassn‘]ed in Part - Sanitized Copy Approved for Release 2012/08/24

1l o)

CIA-RDP79B00873A001400010012-6

Trinnr

Roadenstock




I3 . - \

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : -
CIA-RDP79B00873A001400010012-6 |

“

208 .. APPENDIX

) élassi— . : Classi-

Lens Maker fication Lens s Muker fication

Trinastigmat  Contessa Nettel G Wide Angle
Trioplan Meyer G Xpres Ross . E-—c)
Triotar Zeiss G Xenar Schneider G,H-—a),
Triple-Orthar - Plaubel E—(b) ) : - H-—¢)
Triplet Zeiss ' G Xenon f{1.5 Leitz _ M ()
Trylor Roussel G Xenon Schneider M (b),
Tular RiuoOptik -~ G M (<)
Turner-Reich  Gundlach E—) Xpres f]2.9, 7 -
Unar Zeiss N—(b) f13.5.fl14.5  Ross | H-—-(c)
Unilite Wray M—(b) Xpresf(1.9 Ross - M—b)
Unofokal Steinheil L—(a) Zeiss-Kodak
Voigtar Voigtlinder G Anastigmat

Bausch & Lomb H—{¢)
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JOB 302 » TTTT—_
OPTICAL SUBCONTRACT
. SPECIFICATION 0S-2-302-15/18 -
VENDOR EVALUATION
- Optical designer in plant 4 I 3 4 4 |
Computer in plant for 6ptical design’ 2 1 1 1 © 3 4
Mechanical designer in plant 3 4 1 3 1 5
Electriéal designer in plant 1 4 1 1 1 5 ‘
Drafting facility in plant | 5 1 3 -~ 1 5
Plant space available for addn'l work 1 1 1 5 1 -5
Fabrication facility availableforoptics 2 1 1 4 1 5
Fabrication facility ‘available for '
mechanisms 2 3 2 1
" Optical consultant available 5 . 5. 1 1
Laboratory & testfacilities available 2 : 2 1 5 3
Previous photogrammetric design v o o } )
experience 4 5 3 5 5 5
Project oriented - Report making : ) o
capability 2 5 3 5 2 5
Comprehensionof job scope 3 5 2 5 4 5
Interest & cooperative attitude 2. 5 4 3 3 5
Time schedule for design performance 4 2 4 2 2 4
Proximity to NRI 4 3 2 2 3 1
Impression of overall competence 2 4 3 _5 3. 5
’ 2.6 3.3 2.0 3.4 2,3 4.6
RATING - Basis for Scoring
1. Worst'possible. ’ _ 4, Moré than acceptable - Good,
2. Less than acceptable - Poor, . 5. Best possible.
3. Acceptable ~ Average. ’ 0. No technical information.
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OPTICAL SUBCONTRACT - JOB 302
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2-6
12 June 1967

Evaluation of Design Capability:
Objective lens system
Zoom lens

Anamorph lens

Image rotator

Corner reflectors

Beam splitters

" Optical switching
Eye pieces '

Reticle system _
Tllumination system

Illumination source

' Percent of Possiblé

GRAND AVERAGE -

Substantially capitalized

Fixed price contract, or other
Price quoted ]
Cost of monitoring the project

0 3 3
2 4 4
2 2 4
3 3 4
0 0 0
0 0 0
4 2 0
0 0 2
3 4 3
2 3 2
_3 _3 _z
1.7 2.2 2.2
47% 60% 45%
2.3 3.0 2.3
4 5 2
3 5 5
4 1 5
1 5 2
3.0 4,0 3.5

w
°

I»b,»b»h»b»hol\)w.bhl\)

5
3
3
5
4.

0

y;

IOOOOOOOOOOO

o
o

STAT

lwb»&bh.&h:ﬁ»&hm

i=N
.
[en)
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STAT
SUMMARY OF VISIT . ' A
“The “visit tg took place on June 1 and 2, 1967. - STAT
as it is presently constituted, is a merger of several optical STAT
manufacturing o‘rganizationrs and is at present the largest opticel | _
manufacturer It has 1700 employees and four plants. The STAT
technical department in which our Stereo Comparator job would be
performed comprises 85 employees and encompasses optical design,
physies and mechanical engiheering ,Y electronic engineering, drafting
-and various optical, mecha‘nical)and electronics technical development '
shops.
The fouhding company was known I STAT
The second compahy involved was STAT
An additional optical manufacturing ASTAT_
’ firm is presently being brought into the combine; its name was given . |
rather under the table as apparenﬂy >some aspects were ‘not yvet fully ‘
consumated. It was referreel to as the | I wae not STAT
in a position to inquire deeper; however, I did learn that they were ma'nu-
facturers of micros'copesv and were experts in the precision surface working
of optical glass. The design work for our project would be done at the
plant and all the engineering talerlts were in this STAT
particular piant. The'plant as a whole was large and was weil instrumented |
and equipped. The manufacturing facilities appeared old; howe\rer, fhe
rotatin‘cj glaes grinding equ.ipment was obviously very expensive and
presented a very impressive layout. (This was distinctly different from
the other plants which I have revievized in co;nrvmection with this optical | _
surVey.) was byb far the largest firm and with the greatest emount STAT

of talent and technical capability that I had seen during this survey. It

was c¢lear that the Stereo Comparator project would hardly effect the

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6
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operations of this large company. It would certainly not overload their
capability or their capacity. - ' )
Their equipmént included two cofnputers , @ BULL recently

purchased from Genera.l Electric ,and an IBM 1}130 which was a much more

elaborate machine. uses these computers for performing

optical design and their own optical systems work.

In addition ,Sregularly consults a

of one of the Paris optical design schools for what they call "optimizing

- their designs". This man works as a consultant only for the purpose of

"optimizing".

was present at most of the technical sessions with

the organization. My tactical arrangement with him was that I

would first ask questions and receive the answers, at which time

would make his personal evaluation of the answers. Then,

upon completion of my questions, he would begin his own questioning,

and review any technical points which he felt had been either overlooked-

or mishandled by thezorganization.

At the end of the review I requested from a

statement as to his impression of as they related to our

: projéct. His answer was absolutely and unqualifiedly affirmative, in

that’ he felt could do all the work that was necessary for our

project. He admitted being very impressed with their technical

‘achievements, capabilities and their manufacturing plant and their

scientific approach.to optics design and manufacture in general.
It had become clear to me invmaking', the optical survey as a

whole that most of the companies in the U.S. which I had visited were

very inadequately equipped with persbnnel for optical design work. Their _

STAT

STAT

STAT
STAT

STAT

STAT

STAT
STAT

STAT

Declassified in Part - Sanitized Copy Apjoroved for Release 2012/08/24 - CIA-RDP79B00873A001400010012-6



Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6

I

Declassified in Part - Sanitized Copy Approvéd for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6

éapability was shallow and those companies that offered the cabability
usually consisted of one person who was overworked and had neither

the inclination nor the time to get involved properly in our effort. This

situation was certainly not true They seemed eager to do

the work. I suspect that due to their mergers is supplied with

more personnel thaxlu they are able to use and they do not want to start
laying people off. This was not confirmed but merely a personal

opinion.

I was taken under the wing of the

technical director. He spoke English in a very elementary way; that is,
he did not know the technical equivalents for most of the optical
techniques. However, he was able to comprehend the general meaning

of my English questions, which I amplified by drawing and with

assistance. My method of discussion was to not let go

a poin't‘until: it was clearly demonstrated that the people under-

stood the question and that understood their answer.

The General Manager as head

of the technical department, reported directly to him. The technical
department was divided into a number of bureaus but only the few that I

was directly concerned with were reviewed, since time was limited.

was the head of the Studies and Optical Calculations

department. was the director of the Bureau of Studies.

Swas the head of the Electronic Laboratory. waé the

head of the Optical Laboratory.

had 3 assistants,

spoke English fairly well without

a heavy French accent and would be useful as a contact in telephoning
the plant. She appeared to be quite competent in what one could call

“every-day-~English". -
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was the engineering assistant in the Bureau of

Design Techniques. was the assistant td STAT

- | ~ STAT

The people némed above were the ke_y staff members. Being
interested in meefing their staffs, I would be taken tora room where
from 4 to 10_peoplel would be intrqduced to me as assistants to so-and-so
with fitle and responsibiiities enumerated. There were too Imany names to

record. The impression that I received from these introductions and

gquestionings was one of extreme technical depth, during the STAT

course of the visit explained that he had worked closely with photo-

grametric instrumentation design.

OPTICAL SYSTEM REVIEW

1. Objective Lens

The objecfive lens would ha\;e an aperture of F1.3 with a focal
length of 80 mm. The space between the objective lens and the film
plane would be 10 mm. The objective would have a fixed magnification
and the zoom system 1V0:1 rangei would be extended by ra switching device
installed after the zoom. The éwitching device would have a 2X factor,
thus giving the coverage of ZO.X with a 10:1 zoom ratio. |

The d_e-_pth of,f_ocus of fhe objective system would be + 1 micron-

maximum.

propos‘ed design for the fine focus of the objective STAT

would consist of a set of fléxing beams or torque beams. By this
technique, the beams would present a parallelogram to the optical
movement; thus there would be no backlash or image wander due to the

fine focusing.
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2. Beam Splitter for Reticle Injection

favored a dialectric~type coating on a front surface

mirror for the beamspliiter. They stated that a penta prism system would
not be neceésary as the system betwéen the reticle, the image splitter
and the objectiéze lens can be rhade mechanically rigid and tﬁus the
penta‘ prism would add not‘hi‘ng to the‘ system. |

3. Zoom System

The zoom system is required to be an afocal system; hence

the light in and out of the zoom section must be fully collimated with

the light paths parallel. proposed to use a 10:1 zoom for

best image quality with a focal length changing from 12 to 120
millimeters. T‘hey‘ stated that the design for this presently exists. -
There would be\ less than 0.05 millimeters of optical axis translation
during the zooming operation. In order to reali‘ze a 20X zoom capability
. a 2X optical Switch would be provided in the optical path after the

light beam had passed through the zoom system. The 2X optical
switching would cbnsist of é pair of lénvses which would be p'osi.tioned
either in the light path or turned 90° out of the light path. The image
wander cauSéd by the sWitching in or out of this pair of lenses’ would be
only a few per cent of the. diameter éf the field of view. Further note that
there is no change in the rélative position of fhe reticle and the object
caused by the switching vbperation; since this occurs beyond the point of
injection of the reticle onto the object’ivé field bf view.

The ‘length' of the zoom system is estimated to be 556 mm. .This
is the length of the light“;‘)ath bé_tween the top of the zoom lens and the

film plane. The length of the zoom system itself would be 30 centimeters - \

and its diaméter would be 65 i‘q’illimet_ers. This zoom assembly was very

N
N\
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complex compared to the zoom systems that I had seen previously.
There were 12 separate pieces of glass with 3 sets of mechanical
movements. I was shown an assembly drawing of the zoom optics for
a 6:1 range. Ialso was shown 3 sets of zbom optics of the order of
8X to 10X Which were for photographic cameras, for TV cameras and for
photographicvprojec;tdrs; Th‘ese zoom. 'systems were electric motor
driven and had their own transducer encoders and automatic diaphram
1ight level controls 'with internal photo cells. They:appeared very well
made and were quite complex and compact. In addition I was shown
these various lenses installed on a projector in a test room with a
special test object chart cénsisting of a set of circles, rectangles and
diagonai lines. | The image was projected onto a s.creen where the various
dimensions were checked as the device was zoomed in and out. In

addition it was possible to see the change of light level between the

center of the image on the screen and the outside edges.

stated that this image presentation by the zoom systems was of first

caliber quality.

With the particular zoom design visioned the zobm
motion is not quite lineé.r, Theref_ore part of the mechanical motion
requires cams which will move the opticél elements in relation to each
otherv'by a non-linéér function. The cam will be calculated to fit the
function. |

The zoorﬁ assembly would be designed with a.series of sleeves
and a .pair of helical cam slots. Each sleeve fabricated would meet é_
tolerance of + .1 mm for placement of the zoom élement. Where the

cams are related to a surface, the helix cams would be fabricated toa

tolerance of + .001 mm,

STAT

STAT
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The cam followers will consist of plastic rollers which ride in-
the helix slots. I noticed that a fair amount of back lash occurred in the
models that I was shown and r_equested that one be disassembled so that
I might see its construction. It was apparent upon examination that no
provision for biasing the cam to eliminaté ‘ba.cklash was included in the
dési’gn.. Apparently the concept was to fit tﬁe plastic rollers into the
helical slots and as the helical slots were précision machined, .the fitting
of the éssembly was considered complete and the system would be
expected to maintain its required alignment for the life of the equipment..

1 poinfed out that this type of design (i.e. the inherent béck—
lash type) would not bAefacceptable. Sengineers immediately said
that they would create a spring loaded design to bias the follower against

the cam and against the guide slot. The guide slot was the motion

" producing guide slot for the optical elements.

There is no reason why a spring loaded cam follower would not
be satisfactory as a means of eliminating the backlash. The models

shown to me had external ring gears and the motor drives were mounted on

- an axis parallel to the optical axis. Each motor pinion was equipped with

a friction clutch so that if the system came to end of its travel and the
motor continued to run, it would merely slip against the spring load of

the 'slip’clutch. The whole device appeared very straightforward and

represented, and my own opinion, the highest quality of
design and fabrication.

4, The Corner Mirrors

The corner mirrors would consist of prism reflectors. They
would not be coated and they would have 100 pef cent total internal

reflection.

-
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5. Resolution

engineers stated that the 1,000 line pairs per mm at STAT

a magnification of 200X would not be attainable under any circumstances .

This view was based on wide experience in the design and STAT

manufacture of zoom lenses. Their statement was agreed to by

and th/ere was no question in my mind that these people STAT
were sufficiently expert to make such a{/f‘iecisive and confident stand.
They stated that they could design the system for a ;esolution of 700 to
800 line paifs per mm. We explored the conditions under which the |
1,000 line resolution and 200X would be attainable and } STAT 7

concluded that if the illumination spectrum could be reduced to a range

of 5,000 to 5,800 A° then they would expect to be able to produce a
theoretical design with 1,000 line pairs per mm resolution. They stated
further that in our case, with so many surfaces requ1red by SO many
other optical transformatlons we would be lucky to achieve 80%

of the theoretical resolution in the actual installed hardware.

A discussion between arose on the

question of the resolution at the 10X end of the_vmagnifactien spectrum.-
They concluded that it would be impossible to rnaintain a hi'gher resolution
at one end of the instrument magnification range than et the other end, and
that 5 line pairs per mm per magnification power would hold throughout the
range. Hence a 50 line pairs per mm resolution at the 10X portion of the
magnification. |

6. Scale Switching for Zoom 2X System.

The switching system would cons ist of a 2X Galilean telescope
located above the anamorph system, i.e. between the anamorph system

and the eye pieces, in-such a manner that with the telescope inserted in
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the optical path there would be a magnification of the optical syst_ern.»
With tlie telescope turned 90 degrees, its optical elements would be
removed from the light path and therefore cause no additional change in

magnification of the optical system.

7. .Anarriorp.h ‘ |
The énamcl)rph assembly proposed would‘have a l:1 to 2:1 ratio

and be the cy»lind_rical lens type operated afocally, i.e. the 1ighf beams

would be parallel, into and out of.the. anamorph system. The technique

of moving the cylindrical lenses would be similar to that for the zoom

system devscribed Aearlier. The placement of the optical elements in the

anamorph assembly would be + 1 mm apart with a 2 degree field of view

t0 minimize the distortion. Thé optical elements would be mounted in

sleeves, with vthe sleéves fitted with helix slots and, like cams, causing

the cylindrical anamorph elements to move along the optical axis &/&lp (Fg’ﬂ"'{’
The image wander of the system would be@/which is

similar to that obtained by the zoom system. No visible rotation of the

optical path would oécﬁr as the anarhorph cyliﬁdrical lenses were zoomed.

8. Fiéld Rotation

A matching syétem would be provided ahead of the field rotator.
Since the light beams in the optical system would not be parallel in
passing through the ro’vcator,’ but instead converge in the direction of eye
pieces, a K prism is proposed as the fotator. Thé K prism is preferable'
to both the dove prism and the Péchon—typs prism for its greater‘ability

to control optical aberrations.

9. Beamsplitters for Photo Cells

The beamsplitters would be. optical cubes placed in the main
optical path. Each optical cube would consist of a cemented pair of |
o | - coated prisms. The prisms would maintain the full quality of the

transmitted optical images and cementing the prisms would provide .

Declassified in Part - Sanitized Copy Approved fo.r Release 2012/08/24 : CIA-RDP79B00873A001400010012-6



Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6

permanent life for the coated surfaces. Thus there would be no

degradation of image quality with time.

10. Corner Mirror For Eve Pieces

| The corner mirrors for the eye pieces would consist of prismé of
the tofcal internal reflecting type, uncoated, except for anti-reflection
coating. |

/
11. Optical Switching

Manual optical switching would be performed by using prisms'.
Four optical combinations would be vavailable and a plug in arrangement

would be used.

12, Evye Piece Convergenc_e

Photogrammetric instrument eye-pieces generally converge at

one meter, i.e. with an included angle of just under 1 degree, and the

angle of com}ergence is not changed as the inter-pupilary distance is ‘

changed. A séuint angle adjustment would be incorporat'ed in the Stereo

Comparator prévided either byilateral displacement of the eye pieces, or

through a crbssed—prism pair which would adjust angle of convergence,

squint. angle translation, and: inner pupilary translation as required. This
| latter system seemé more complex but in reality might turn out to be

simpler to design.

13. Eye Pieces

STAT

. would provide an eye relief of 17 to 20 mm. The.

necessary apodizing would be included in the design.

| Thé exit pupil diameter at 200X magnifiéation would be 1 mm. The
exit pupil diameter would be eye limiting at 10 magnif-ication and would be
2 mm. The larger exit pupil diameter is necessafy at the 10X magnification |

to provide the maximum line pair per mm resolution at this range.

/O
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Probably a 2 mm diameter would not be attainable in reality, but it
could be approached.
Because of the changes in pupilary diameter, the illumination

condensing system must be the zoom type. Otherwise the eye piece

light level would change as the magnification was changed.

| The eye b/ieces would be of a Ploss design. These units
consist of two achromatic doublets close together, plus a wide angle
supplementary blens on the eye side. A choice of 10X magnification for
the eye piece was oonsidered proper and satisfactory.

Focusing of the eye pieces for aberrations in fhe eye would
be done by separately moving each eye pieoe in and out and
additionally, by a gauged control which would move both eye pieces
together. The gauéed, ‘or dual adjuStment control, would be important
for refocussing as the’iﬂlm_plane_shﬁted.’ Refocussing by separate

eye piece adjustment alone would make for tedious operation of the

Stereo Comparator and would seriously affect its use if the film Was not
perfectly flat. | v

V S pointed-out that adjusting the optical system, not STAT
oniy the first time but in production use, would be rather difficult since
the focus requlrements of the reticle, the film plane and ocular problems

of the eye would be interrelated. The optical system would fall out of

- focus with relative ease and refocussing the complete system could be

difficult. Hence, there will need to be a careful written procedure
available for adjusting the various focus mechanisms.

14, The Retlcle , _
S proposes a reticle system that would be optically ' STAT

“complex and would essent\ial‘ly-fparallel the design of the main optical

system. Thus the envisioned-reticle system would begin with a light

source opposite a small hole which produces the reticle image. An 80 mm
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focal length objective lens would next provide a parallel light path
through the cOmpensatirig assemblies. A 4:1 zoom lens adjacent to the
80 mm objective lens would give the required 4:1 range variation of
reticle size. Pbll()yving'the 4:1 20c'>m- would be the main 1,0:1 reticle
zoom system and it would be operated by compensating servos linked to
and following the rgquirerher_lts‘ of the main optical path zoom system.
Adjacent to the 10:1 reticle zoom arrangement there wbu‘ld be an optical
éwitching device giving a 2X magnification and servo driven by the main
optical path switching ’device, An anamorph correcting arrangement
would follbw next, servo driven from the main optical path anamorph.
The light beam exiting from the reticle anafnorph would pass through a
2 mm focal length lens system and then through a 200 mm focal length
lens system from where if would enter the beamsplitter and pass into a
collimated section bf the main optical system.
The combination of 2 mm and 200 mm focal length lenses was
»chosen to rédu’ce the sensitivity of the system to reticie 'image wander.
This lens pair, it was stated, would give vreduction in wander of the |
. order of 100 to 1,‘ the design_ objective being to hold the image wande_r

of the reticle in the main optical light path to not more than 1/4 of a

micron. concurred with that this design was an §TAT
ingenéous and satisfactory means of compensating for retiicle image
wander. | |

stated that they did not consider an iris diaphram to - STAT

" be a practic.al method of controlling reticle éize. Among thé reas-ons
given were rough metal edges and noncompatibility with.the parallel path
optical system envisioned. | | |

The diffraction limited reticle will be apbdized in order to

eliminate the first diffraction. ring surrounding the reticle.
s
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~18. Light Change and Illumination

15. Light Loss in the Main Optical Path

estimated that the '1ight loss between film plane and - STAT

eye pieces would be at least 80 to 85 per cent on a theoretical basis.
They would control this wherever possible‘ wi_th multi-layer anti~
reflection coatings. In the actual hardware, the light loss might be
higher than the vélpes given. |

16. Condenser System

It will be necessary for the condenser to zoom through the entire

- 20:1 main optical range. - Therefore, a condenser system compatible with

the main optical path system would have a 10:1 zoom with a 2X switching
arrangement, all servo driven and following the main optical zoom optics.

17. Illumination Zoom and Anamorph System

The main illumination source would require careful filtering to
eliminate infrared radiatioh and would need a condenser located at the
lamp itself. A condenser zoém system is proposed which would 'ﬁave about
1/3 the diameter of that required for the main optical system. It is ,/
anticipated that the zoom lghgth would be betw‘even 10 and 15 centimeters
and its diameter about § cé;timeteré . Therefofe the 6-inch diameter hole
provided thr ough the grahite slab would be more than adequate.
An anam.orph correc_tion was believed necessaxyb in the
condensing system to match the anamorph corrections in the main optical
path. | This conclusion was reached after a considerable amount of dis-

cussion between and various Sdesigners, and was STAT

a change from the conclusions arrived at originally STAT

Sproposes to adjust the change of light level by using ’\ STAT
neutral density filters. These would be paired glass wedges functioning ‘ ’

with. opposed motion. -

/
;
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what kind of main illumination

When I initially asked

lamp they planned they stated without reservations that a quartz iodine

© type with a p.owe'r of 50 to 150 watts would be used. I was extremely

surprised at this choice and requested to fully review this

topic since they had apparently overlooked some of the lamp require-

realized that they were

ments.- Aftér consi/derable discussion,
seriously underpowering the light source and began considering mercury
vapor and xenon lamps. They also behgan tb consider for the light source
a spectrum of 5460 angstr'oms‘to 5780 angstroms or a band width of 320
angstroms. This would‘ be in the green/yellow range. 'Originally we had
discussed with them ah. 800 angstrom bandwidth which is considerably.
below the requir.ements of the human eye. The discussion soon became
confused with >many different épinions being- aired. S
apparently, had come td no definife conclusion yef regard'ing the lamp

brightness requirement. In the interest of saving time the discussion

was dropped at this point. agreed that they would need to

consider the subject further befdre they could recommend a suitable

light source.

19. A Question of Locating the Reticle at the Eye Piece

' ‘ ‘tentativély askedz whether the reticle

could be better placed at the eye piece for reasons considered earlier in.

the discussions. Thezengineers emphatically insisted that the

reticle should be injected immediately after the objective lens and

should'not be injected at the eye pieces. stated that they

could easily maintain the spot stability as"pqeviously described and that
since the opticalpartsv of the reticle system are small in diameter and

relatively unsophisticated, .the scheme described earlier is the most

STAT
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economically satisfactory, and is definitely recommended over putting
the reticle elsewhere in the system.

20. General

A schedule of meetings had originally been set up at

to review the mechanical énd electronic aspects of their proposal.
Unfortunately, an e;dciitiohal day pr two would be necessary to cover all

the tdpics in detail. Therefo:e, only a very brief interchange took place
in these design areas and Without significant results, except for meeting
the various electronic and mechanical engineers that:|proposed
for work on our design effort. '

At this point I requested and obtained an interview with

the commercial director. in effect, is the sales
manager and he would represent the commitments for on our
contract. His assistant was Both of these gentlemen

spoke English, but with heavy French accents.,

21. Drawings

preliminary estimates for the number of drawings

required on the optical design was 1,000. This was given as an outside

figure but they did not. think the eventual total would be much less .

and considered the form of the drawings to be made and to what extent

would cooperate with our American style drawing requirements.

The following were the poin‘ts discussed and tentatively agreed to:

V (a) would produce drawings with a special title
_block'or alt‘ernative idéntificatipn, on our' paper; this
altefnat_ive was left opén. | .

(b) The drawings would be made to the American type of

projection, i.e. third angle projectibn,

and myself retired for private discussion
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(c)

(@)

A

The drawings would be dimensioned in the metric system
and all the design work would be carried out using the
metric system. .Howeve'r, all metric dimensions would
shéw a bracket beneath giving ';he equivalent English
decimal .dimens ions.

On the choice of scréw threads, which cannot be readily

transposed between metric and English measurement

systems, stated that he would be willing to STAT

‘use either the English or metric thread system, whichever

we desired. This I believe is a fundamental problem not

yet resolved. If the hardware was to be built in Europe

- the metric thread would be necessary, but if the hardware

should eventually be built in the U.S. the English thread
system would of course be necessary. At this point I

believe the only solution is to make the design the metric

style and then let American companhies bid on a conversion

job witﬁ the understanding that the‘nearevst equivalent
En'glish threads nvlusvt be used. Eventually we would have to
rework metric dréwings to show the English threads if an
American company should turn out to be the low hardware

bidder. I personally feel that shouldz be STAT

awarded the design a follow-through with the hardware

* contract seems highly probable. Thus the idea of com-

- pleting the design drawings in the metric thread system

would make good sense and would minimize cost. A further

consideration is that fewer drawing errors can be expected

if the threadslvare selected by in the metric system STAT ’
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and not translated into English by them. A translation into

English threads by engineers might turn out to be - STAT

Lo ' disorganized for lack qf, familiarity wit_h them.
| -The conversion of metric dimensions to English dimensions
in generél presents no problem‘ Since it is merely an
arith/rﬁetical interchange and is not materially pertinent to the
design except in a limited number of situations.
(e) Component designafions on the drawings would be made in
European ‘catalo.g numbers and additionally, wherever possiblé,
in Americaﬁ catalog equivalents as alternatiVes. While =
inspecting some French servo motors and amplifiers and
varioué catalogs related to our application, I noted that the
parts were similar to their American counterparts in shape
and size, and the technical detail given in the catalogs was
equally simila;. From this I believe that finding European
or Amer:ic':an Counterparts will, in most instances, be reasonably
- straight f_orward. |
22, Schedule
In addition to the drawing commitment, a possible schedule of interchanges

was devised for this program.

agreed to send répresentatives if we so desired, STATT
sometime before the end of June. These would be qualified people to negotiate
a contract and would have authority to speak for I assume that this STAT
group will include the technical dirvector, Ifa contré‘ct could be STAT

approved by the end of ]‘un‘e, a second meeting' would be held in Paris at the

end of July.

17
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: TAT.
pointed out that their company shuts down on July 28th

for a vacation extending through August.' Although the plant is idle during

this period, the high IBM computer costs make it mandat ory to continue

optical design work involving the computer. Therefore, is awarded STAT

a design contract, the work would continue through August despite the holiday.’
A third meeting would be held in-Paris eight weeks after the
second meeting, orlthe end of September, and would indicate the 3-months

point of the contract. A fourth meeting held in Paris in the middle of

November with ‘ and all interested individuals from NRI Berkeley STAT

attending would represent the s—_1/2 months point of the contract. This would
be a formal design review meeting at which all coarse corrections would be

made. From this jpoint on there would be no time recovery in the event of

design changes instituted A fifth meeting would be held in Berkeley STAT

at the end of December, representing 7 months of the design contract. All
drawings and specifications would be delivered two weeks later in Berkeley

at the ‘completion and the 7~1/2-months point of the contract.

STAT

Interface information required would be transmitted at

various times as it was developed during the contract, Most interfaces would
be completed by the end of September with the total completed by the middle

of November,

With the staff available at I feel that the schedule - STAT

proposed is realistic and nor have I reason to doubt the sincerity of the

people. Théy-did not belittle the project in any way, or appear STAT

apprehensive of completing the project. Instead, they concluded that with

their large resources, they would be able to take the difficulties in stride.
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STAT

STAT
STAT

Permission was given me to visit

STAT

and it was currently engaged in transforming

stereo aerial photographs into maps by méans of scriber carrying plotters

on large plotting tables., There were at least six 9 x 9 i_nch size Presa stereo
plbtters and one SOM steréo comparator available. The Presa instruments
had a 4 micron measuring accuracy and the SOM instrument had a 1 micron

measuring accuracy. These instruments had been manufactured bySdurSTAT

the past 10 years and had given satisfactory results, according STAT

He spoke highly of the equipment and the service they gave, and '~ was
unable to offer‘any derrogatory commehts , ho mattér how hard I pfessed.
Although the machines were in use, I was allowed to operate and readjust
thém and in general to get the feel of the instruments., Stereo vision was
excellent and the controls and general érrangement of the machines were
well designed from the viewpoint of human factors. Iri my opinion, these
machines were of the hghest quality, both in design and mahufacture, and
such quality would be eminafely suitable for our Stereo Comparator. I feel
certain that machines of this caliber would be Satisfactory to our customer,

and on the basis of their technical and manufacturing abilities we should

STAT

not hesitate to deal with the organization,

. Asan intoresting feature, was using dark reticle STAT

spots 'and seemed to favor a dark spot method. I also found it simple to

use, and advantageous as well, There was no need to constantly - manipulate

the reticle brightness control since the dark spot was satisfactory for all

illumination levels of the photographic image.
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STAT
SUMMARY OF VISIT |
A meeting ~ | | was formed on May 22, 1967 STAT
which ihcluded the fc/;llowing people: >, President of the Company; STAT
Vice Presiderit and Director of Engineering; | STAT
Staf.f Consultant; Manager Program Development; STAT |
. Optical Consultanit | Manager Product'Develo;.)ment; and STAT 1
Opera'tiohs Manager Eleétronic. | STAT |
:bpparehtly was spbkesman for n all §TAT J
technical aspects related to our project. Their basic technical proposal
was apparently developed and written as he was the only STAT
person familiar enoug'hb .with the proj ect to discuss it with me .v My feeling
was that the | | as a whole- had not .participated‘in' STAT

preparing the proposal.
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STAT

CONCLUSIONS REGARDING

This firm appears eager to get the job. I received the impression
that the management people were very adept at working a contract to
maximize the extras, in order to gain additional funds. They appeared
to have no Capability whatsoever in the optical area, and their
capabilities in the mechanical and electronical fabrication fields
appeared to be no more than ordinafy or standard geod 's.hop practice.
Their administration‘ and project management areas seemed exceptionally
weak and arnazingly out of character with: the wafy they had represented
themselves. They dlscussed the p0551b111ty of follow-on hardware

- supply, and appeared to be more 1nterested in this area than in loading

‘their already over-burdened drafting room.

STAT

One of the problems.in awarding the contract to

would be that their personnel would get nothmg out of the optical work,

STAT

it going all to Thelr own design, engineering and drafting areas

are already loaded with work. 'Perhaps they are really interested in the
- possibility of the follow~-on hardware, since their model shop was vacant
of work. This situation would not be conclusive to a sound working

relationship during the design of the system.

OPTICAL SYSTEM REVIEW

1. Objective Lens System

The objective lens would be between 1/3 and 1/2 inch in dlameter
and its lower surface would be located 0.15 1nches above the film plane.
This is not the true objective lens element 1tself but instead, the field
flattening element which is immediately beneath it, lying between the film

plane and the objective lens. This particular field ‘flatte"r'ier assembly

L
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is required in order to gain the highest magnification of the system,

., 1i.e. the 20:1 to 200:1 range.]  idamently insisted that there STAT
was no possibility in increasing the 0.15 inch height requirement. |
- This creates a preblem in that the vacuum hold down system STAT
will have a difficult interference proble'm. will need to design - ~ STAT

/ _ :
around this particular feature since there is no alternative but to

accept the height number from STAT

An optical switching arrangement at the objective lens assembly
is proposed foraccomplishing the 10X to 20X power systems. This
would consist of‘avface spline for indexing the two systems in a
precise manner. The spline system will be approximately four inches .
in diameter and will be repeatable within on se.cond' of arc. In addition
to the face spline, one Qf the systerns will be equipped with a pair of
optical wedges ior locally and accurately adjusting the central align-

ment of that particular axis.

2. Reticle vSystem

. The normal anamorphizing of the reticle spot would be compen-
sated by providing an additional an'a_morph for the reticle projector itself.
This anamorph would consist of a pair of cylindrical lenses having 'a
2:1 ratio. change. A question arose regarding the action of a diffraction
limited reticle by an anamorphic lens system. S stated that STAT
the diffraction limited dot along with its rings (or any other "junk")
will retain its circular cross-section while passing through an anamorph
optical system. | Onee tl'ie dots of the reticle have become large enough
to overcome diffraction limiting, they will tt‘he'n take on the approp_riate

'_ sausage shape caused by the anamorph. My question conceming'

what happened to the rings and "junk"” that surround the
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diffraction limited reticle dot was.answered with the information that
théy stay round and do not elongate or otherwise appear sausage. shaped.
P Variation in ‘s'i‘ze of the reticle will be covered by the 4:1 zoom

system with mechanical compensation. The _spotsize would be selected
manually and maintained by an iris diaphram operating in conjunction
“with the main optigal path zoom system. By servo control the main zoom
sy stem would adjust the blades of the iris diaphram in a 10:1 ratio range
SO tha-t spot size would remain the same throughout the zooming of the
(;ptical Vsystem. A sufficient number of iris blades would insure the spot
remaining substantially circvular.

Access‘ will be necessary to the reticle assembly, to the
zooming motor drives and to the 10X/20X power switching arrangement.
This requirement would bé met by using a bolted-on plate about 2 feet
long across the top aﬁd the bottom of the‘optical supporting structure

and centered on the optical axis of the machine.’ o -

| 3. The Zoom System

The zoom s'ys‘tem would be mechanically compensated. STAT

believed the optical mechanicél system must hold its position within
0.002 inch tolerance and he felt this could be accomplished with a face
cam and without ény ’electronic compensation. This tolerance is well
withiﬁ the 0.0005 inch tolerance achievable today for'a cam surface
positién. In addition, fhe aesign would includé the use of hardened.
cams, drive gears, and Worm geafs. | , |

A zooming speed for the’systém was suggested as 10 secdndS‘
for a full cycl'e. At fhis rate of speed, the zoom ,svystem would cycle
360 times per hour, and With 5,000 hours as a test cr.ite'ria,A 1,800,000

cycles of opefation would be expect‘ed.
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4 Anamorgh

Thé main optical anamorph requires a pri'smatic system to
achieve the necessary l,OOO‘ line pairs per millimeter resolution.
5. Image Rotator | |

Splan‘s to use Pechon prisms to achieve image rotation. STAT

Each pair of prismg will have a trim wedge for centering on the optical
path. Trim wedges and prisms would rotate together.

6. Optical Switching

Optical switc‘hing would be manually performed at the eye
pieces with rotating prism blocks. Each o‘f these rotafing bloqks would
have termiﬁal stops in order to obtain two positions for each prism. The
>manual selector would include an indexing arrangement for selecting one
of the four possible position‘s . The Selector would also initiate appropriate
computer and control switching. A relatively long light path is involved in
this rotating prism block method, but only 6 inches of spacel is ne.eded
behind the eye piece mountings , since the light path can be foldéd. (We
should bring this method of optical switchving to the attention .of the
successful vendor for our design coﬁtract.) |

7. Condenser Sys’tem

The illumination between the l_ast‘element of the condenser and ‘
the film plane must be fully incohérént.. Sproposes to include a STAT
diffusing element in the condenser to iﬁsure this coﬁdition. This element
can be an'over-—polished grouﬁd glass giving approximately» 10 to 20 per cent
of the transmitted light by diffusion.‘ (I felt thatzwas a bit STAT
uncertain whether the lamp filament would properly "spread" the illumination »
and hence his ideé té use a small diffusing element in the light' system to

prevent development of any hotspots at the film plane.)

Declassified in Part - Sanitized Copy ApproVed fbr Release 2012/08/24 : CIA-RDP79BOO873A001400010012-6



Declassified in Part - Sanitized Copy Approved for Release 2b12/08/24 : CIATRDP79BOO873AOO14OOO10012-6

A zoom lens system would be used on the condenser. Light
coverage wbuld be bésé'd on thé‘requirement of the 10X to 100X system and .
o . therefore the minimum image size would be 0.075 inches in diameter. This
is twice the diameter required for the 200X system.' Note that the brightness
of the light patch on the film would be the séme at all magnifications.
Therefore the amognt of light energy falling on the film at the 20’0 power ‘
setting would be 4 times that theoretically required simply because the

area of film illuminated will be correct for the 100 power system.

" 8. Illumination Lamp

had originally requested that an approximately 2 millimeter STAT

diameter pupil size be used for the eyepieces for light coverage. | | STAT
was willing to guarantee ohly a 1 millimeter diameter pupil size, but
would try for 2 alfhough he did not think it was practical to attain it. The

required brightness of the illumination at the film plane precipitated some

dB
B

constant‘at a light level just over 3 footlamberts. The maximum sensitivity

discussion. It appears that the sensit.i'vity of the_eye, i.e., becomes
of the eye to light changes occurs at approximately 4 to 5 footlamberts.
This level of light would be-required in order to best observe a density change
‘of 0 lina 0.0 to0 3.0 delnsity film. Henc}e a ¢lear necessity of having
some 5 footlamberts of illumination availa.ble to the eye. |

The lamp suggestedj‘ was a quartz (iodine) type burned at 75 per cent
of its maximum filament voltage. The lamb would be an ASA rated
FBV-250 watt with a maximum voltage of 30 volts. It wéuid bufn for
approximatély 300 hrs at the reduced voltage in.comparison with a 6-hour
full vo_ltage life. The filament area is 0.14 inch by 0.16 inch and the-

lamp would operate with about 180 watts input. The color temperature

would be raised to 3500 degrees K with color filte'rs' which absorb about
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10 per cent of the transmitted light., The lamp would be equlpped with a
. reflector to redirect energy back to the f1lament for heating, and also to
i+ create a filament image so that reflected filament convolutions would
supplement the Convolutions of the lamp as seen directly by t‘he optical
system.zestimated that about 20 per cent of the light available _ STAT

at the lamp would /reach. the eye pieces.

9. General Views and Information

STAT

voiced the opinion that the detailed design drawings of

the optical system ehould be tailored to fit the optical hardware
fabricator who would do the job., I pointed out that we were obligated to

develope drawings from which various opt’ical vendors might bid and

STAT

produce. felt t&==i this was unrealistic and that a considerable

amount of 1iaison would be necessary in order to accomplish the job.

He estimated that about 6 montns would be needed to convert drawings
from an American forrnat to‘ a European format or vice versa. He suggested
that if we planned to procure the optics in the U.S. we should have the -
design made in the U S. and similarly, if we planned to procure optics
from Europe, to have the design made there Sfreely expressed STAT
his views concerning the relative technical abilities for design and
fabrication of numerous optical firms throughout the world. When tal'king
“about French designers, he definitel? commented that one could expect to
have an "excellent design job done in France". He used this word
"'excellent" onlybwith regard to .Prance, and was less appreciate of

optical work elsewhere;

' ' ' STAT
pointed out that U.S. drawings use third angle projection :

and Br1t1sh drawings use first angle projection. To accommodate inter-

changeablllty, some 700 to 800 drawings would require conversion, and
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STAT

for this work alone the people estimated a maximum of

3,000 hours would be required.

STAT

was adament in his view that 6 months work might

ensue in completing the design before appropriate interfaces could be

STAT

provided tentatively agreed that it would be

pos.éible to cut the 11 month schedule to 10 months by including
overtime for the detailed design drafting phase of the work. ‘But they
.estimated that this would add approximately 25% to the total cost of

the job.

STAT

I was very pleésed with frankness and technical

presentation in answering my questions. There were relatively few

STAT

inconsistancies and I felt that was a fairly cé_mpetent optical

engineer. On many occasions his answers were so frank that the

STAT

people felt uncomfortable but it was all done in a

friendly way and no problems arose in the association.

10. Program Management

Discussioh concerning-the managefnent of the program was
~ definitely uhsatisfactory fome. A Projectv_l\/Ianager was proposed who
would manage the'Optic.al Stereo Comparator -Projecl‘t and who would be
responsible for all aspects of the problem including feporting on job
progress.
Partial dialogue on this subjecvt is a‘s follows:

EQuestionz "Just exactly what would you answer to the customer, in STAT
S ‘ | STAT

this case in the jbb report?"

Answer: "We would provide the hours or dollars expended on

the _job; "

STAT

Question: F"What else would yOu provide?"
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Answer:

Answer:

E Question:

Answer:

Answer:

| |Question:

Answer:

Answer:

Answer:

EQues;cion:- |

! Question:

Question:

Question:

- of PERT type reporting."

Question: "When you evaluate the status of a job at a given time,

"We would project for the next two or three weeks work

what might be accomplished. "

" "Would you provide' at the time of the report a cost STAT

to completion?"

"No, we would only look ahead the 2 or 3 weeks."

/'What sort of charting would you provide for the progress STAT

of the job?"

"We would make bar charts for the various primary design

and drafting phases."

STAT
"The usual bar charting does not show an mterrelatmn

between the various elements of the work; how would you

- propose to do this?"

"Well, we could do it any way that you wanted."

. "How do:you usually do it?" \ STAT

"Well, we don't really usually do this fhat way; "

L : STAT
"Have you ever used a PERT type presentation?*

"Oh, yes, we would be verry happy to provide some sort

STAT

if you are merely looking at the hours and dollars

expe‘nded, this is history; but what about the actual

accomplishment for the job, in other words, the per

cent fo completion., How would you recofd tﬁat? "

"Well, we would have a meetin.g once a week and we

could‘make a progress'repp;ﬁt. "

'.'It appears that this job might be sufficiently complex STAT

and have a sufficiently tight schedule so that it would be

necessary to have a Project Administratorras well as a
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project engineer. What is your thought in
- this regard ?"
Answer: "Yes, I think you're right, we probably would need to

have a project administrator."

¥

FACILITIES

employ about 75 persons.

A personal visit through their Production Control office showed
nqthing that would -help any engineering control. The fabrication shop
consisted of 8 veryv s‘mavll lathes having about 24 inch beds and 18 inch
swing; 6 smali miliing machines; one small surface grinder with an
approx. 8 inch wheel a‘nd a 10 X 24 inch table; 4 pairs of gauged drill
presseé; two small punch presses; and a prbduction pﬁnch press that was

then making parts of approx. 1/4 x 1/2 inch dimensions. In additionto

this equipment, there was a full corﬁplement of model shop size

sheet-metal fabricating equipment, a brake, shears, small punches, etc.
There were 5 people working in the shop during my visit. None
of the lathes were operating, but the punch bresbses and sheet metal
equipment were in operation., Small ﬁarts for some production operation
of the Company were being turned ouf. No model shop type'Work was in
progreés . | The ‘combined drafting and engineeriﬁg areas appeared to have
about 30 people, about 1/3 of whom were electronic people. This area

was full and all drafting tables in the surrounding offices were in use.
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15 June 1967
JOB 302

Optical System Bidders List

Two copies Optical System Specification OS«2-302-15/18 and Letter
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Optical System Vendor Evaluation ‘

Optical Survey Reports

STAT
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STAT
SUMMARY OF VISIT
- My visit to ~ STAT
occurred on M'ay 24 and 25, 1967, with initial contact through
‘ ' STAT

Technical Sales Manager. was,

by academic trainihg, an optical engineer or physicist but apparently had

not practiced as such recéntly and was not technically up in this field.

STAT

Hence his position as Sales Manager. admitted that he,

not an engineer, had made the proposal, and that it had been taken

largely from past proposals after some consultation witH \ STAT
STAT

of the cofnpany. could not understand why

the préposal itseif -Wés not aéceptable as a sufficiently informative
document, nor why I x‘/v‘ished to discuss the detai.ls of the proposal with a
technically orierﬂ:ed person.:
(i had read their proposa.l and ‘found it singularly uninformative::

It was adequa;cely bulky- but did nof cover in any specific' detail the

' eiements of our system. It talked generalities and mentioned possible
problems in many areas The proper key words were used which would
enable one to deduée more or less what the system might look like; but
it certainly was not a definitive document upon which to base a technical

evaluation.) /

I explained to _ that I was not trying to test STAT
STAT

credentials as an optical designer, but that I wanted to

discuss the optical system in considerable technical detail in order-to |

understand exactly what proposed. My request tb STAT

speak to the optical designebr, the optical systerﬁs designer and the \

mechanical design and systems engineer precipitated much confusion.
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It developed that these people do not exist and there was no one who was

knowledgeable of our system and who could make an intelligent

4!' " discussion. acquaintance w1th the project was minimal and STAT
'relatively transitory, and he was not prepared for a discussion. I insisted
strongly on further discussion simply because I felt it necessary to
validate the adequla.cy oi personnel and overall competence suggested in
their proposal. | was finally introduced to me as STAT
the Treasurer of the Company and entered the discussmn He questioned |
me closely its products, capabilities, resources, finances, and - STAT
its relationship With Heseemed satisfied with my STAT
answers; I suspect he was motivated primarily by curiosity concerning
the financial responsibility of receive a STAT
contract. This ‘\‘/'vould' be quite a normal concern for someone who was not
acquainted with our Company. |
At this time', a tour‘orf the plant began. We spent a considerable
time in a.nevr wing which housed only vacant offices ‘andb vacant production
areas. I inspected their testing facilities in considerable detail, and saw
their in—process.lenses and ioptical hardware. . |
| After bei_ng in tiie plant 5 hours, I'was finally introduced to
He is president of the company a:nd was the only technical STAT
peréon in the Company acquainted with our project. Apparently'all
management and technical decisions are made bﬁ personally, STAT
and this fact might expiain reluctance to have me take STAT
©up | time earlier. ) ' ' - STAT
iiad informed me, by this time, that - STAT .
was head of their optical desicjn research department, but that he was .
unacquainted with the project . In addition, was - STAT
chief 'mechanical engineer,' but he, too, was unfamiliar with the proposal.
STAT

Only was acquainted with our project and he acted as the

optical systems des1gner for their proposal.
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CONCLUSIONS

| \was very concerned lest his firm get the design STAT

I contract but not receive the fabrication follow=-on, i.e. the design
- drawings might be sent to a number of optical fabricating firms who

would later make the parts per the drawingsA and furnish them to our

customer. did not seem willing to apply its STAT

design talent and time to a project where engineering was the only

result. Their engineering time, felt, could be much STAT

better applied to wofk where they could expect eventually to fu{mish
‘hardware, thus keepihg their shop facilities busy. He planhed to
discuss“this poiﬁt with our customer and pending the results of this
discussion-, he woula decidé whether or nof he i‘ntended to commit lilils
firm to the design effo'r‘;'. He bel‘iev‘e‘d that he might withdraw his bid if

the customer could not satisfy the conditions referred to above.

‘To conclude, I believe that is capable of doing our STAT
job but I do not feel that he had a great deal of interest in it. He appeared
to be sincere and dependable, and if he actually did accept the work he
would probably get it finished. I would expect, however, that it might
be delayed or/and thatC’ would have to spend a considerable amount of STAT
effért to keep the j“o'b ekpedited in an attempt to hold it to a schedule. The
.administrative and planning aspect of their operations éppeared to be at a
‘basic minimum and wbuld probably rbe iﬁsufﬁcient in its present form for

our project.

OPTICAL SYSTEM REVIEW

1. Objective Lens System

An F1.5 objective lens with a depth of focus of about .0001 of an .

inch is proposed. The objective lens would be 1 inch in diameter and
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would be located about 1 inch above the film plane, i.e. 1 inch of
clearance over the objective cell. No field flatteners wbuld be required
“i and adequate hold-down might be achie\}ed with a cover plate. I

" questioned the optical problems that such a cover plate might create,

but felt that a piece of properly fabricated glass would STAT
present no problem/s with resolution. Actually, with the varying width

of film used, the cover plate would present a considerable problem and

therefore\ \view isn't compatable withgthinking. STAT

‘The problem of refocusing as the film is traversed through the

STAT

system met with contradictory views. first remarked that for

1,000 lines ber mm reSblution there would be no necessity for refocusing
on aerial reconnaisance film with a density of 0.0 to 3.0; later he stated
that refocusing would be required as the film was traversed through

different areas of density (This change of decision on a technical point

was typical of the way the conversation proceeded. - STAT

apparently had really given no real thought to our problem and the

proposa‘l .' His off-hand comments were usually not STATV

compatable with othe_'r information that I had. When probed deeper, he
would :shift gfound and offer a different answer.)

2. Optical Switching

A 2X switching element between the objective lens and the
main zoom system was pfoposed. This arrangement will ;Sermit a 10:1

zoomratio to be used, resulting in an overall zoom magnification of 20:1.

stated that his design would be based on a Galilean : STAT

telescope rather than on microscope design. He believed that optical
wander during switching would be about 60 micro inches., Keeping -
" completely on axis during the switching operations did not appear

feasible to him.
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3. Zoom System

was very much opposed to optical compensation for STAT

the zoom e,lements'and felt that the? only satisfactory method was b.y using
a standard cam——typé mechanically compensated system. He did not
appear familiar with electronic cbmpensation but understood after I
explained to him t17af w‘e had electronic translducers for position call-out
" and for interrelation between the various optical subassemblies.
A large concern arose about vibration of the optical system due to
motor opération and éwitching units. In attempting to maintain 1/4 of a

micron stability in the optical axis, motors and any other moving elements

STAT

might cause vibration shifts. first suggested using Bowden

cables with hand operated drives on all the optical members. On explaining
to him the computer ‘operation and aut_omatié interrelation between the |
various optical elements, he accepted the idea of the motors. But he
suggested that they; operate through long cables with the motors

thémSeres mounteAd'separately to insure that no vibration is transmitted

to the optics.

A much longer zoom cell was suggested than the one proposed

by other peoble and 'shown in our diagram. felt that doubling STAT

the length of the uhit shown would provide an assembly much easier to
design, considering the high rvesolution requiréd. Actually, tﬁis does not
present Vaﬁy real problem for us. The optical bridge would merely not have
a simple shépe; .it would héve to climb up in the air and then tu;"n down
again by the addition of mirrors, etc. | ’

4, Corner Mirrors

Strong opposition was made to the use of front surface mirrors, for .
' A\

the corner of the optical bridge. felt they were too sensitive to STAT
angular aberrations. He believed penta prisms would give much better

results since they were insensitive to angular effects.
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5. Anamorph Lenses

emphatically favored cylindrical type anamorph - STAT

lenses over prismatic designs. The prisms have an inherent di_stortion
which can not be removed, but the fabrication of the cylinders, while

critical, can be done in a theofetically perfect manner to give proper

distortion-free systems. was proposing & different STAT

design concept than _others that I had heard. Instead of'an angular
type of anamorph, he proposed using a zoom type of anamorph. His
plan to zoom these two lenses would make the length of this assembly

approximately twice ‘that of his zoom element length. This represents

a relatively long:ass‘em,bly. would need to completely change its STAT

concepts relative to the shape of the optical bridge.

6. Light Path Diameter

‘statéd that in his design the diameter of the light _ STAT

path in general would be 2—1/2 inches, with the optical cells being about
3 inches in diameté"?).

'7. Image Rotation

K prisms, K mirrors, or dove prisms were not considered

satisfactory for image rotation. believed that Peshon prisms STAT

were the only answer.

8. Optical Switching o

A set of plug-in prisms was proposed for optical switching. (This

is referred to elsewhere as a ladder type.) thought that some STAT

of the prisms might serve for more than one function ina system, but he had
not thought ’furthef to develope this idea. He opposed using swiveling
mirrors or prisms, i.e. the swifchin_gtype of optical components, because \
he believed thé'light path cannot be maintained constant during this

sWitching. Hence .the superior method of plug-in type assemblies.
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9. Eye Piece

STAT

proposed using a special multiple element,
| wide~angle, modified Erfel design for the eye piéce. He had not
cohsidered apodizing on the eye piece assembly necessary, but after
. discussion, he agreed that it might ‘be advantageous. The evaporation
process f-clbn apodiz/ing could also be done on certain of the intérmediate

lenses.

Parallel eye piece tubes were strongly opposed by STAT

They should converge, he felt, by less than the 5 degrees specified in

our request for quote. The 50 inch distance as a focal point for the

tubes was agreed to. In addition, suggested that there STAT

should be a skew adjustment on'the_eye pieces to indépendently adjust
the up and down‘position of the eye-—piet:e tubes. Many people's eyes,
he explained, are not set at the same elevation in their heads and it is
necessary for the‘m to tilt their heads When using these optical
instruments. This presénts a tiring situatioh and it should be .remedied
through use of the skew adjustmént.

10. Reticle : : ' ¥

A diffraction limited reticle normally would show at least one

ring visible. however, proposes to put in a stop which STAT

would remove that ring. He plans to project a thin-hole imag"e, using
an apodized lens. The apodizing removes the ring.

Nor will fulfilling the continuous 4~-times spot size requirement

be difficult, he felt. explained that with a diffraction; - ' STAT

limiting method, the reticle spot would be distorted into an ellipsoid

figure after passing through the main optical anamorph and zoom systems.
: \

Further, the reticle spot would increase in size as zoom magnification

was decreased. In comparison, a non~diffraction limited spot would

decrease when zoom magnification was decreased.
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I asked whether there was a spot size between STAT

diffraction limiting and the 4-times spot size which holds constant regard-

less of whether zoom magnification is decreased or increased. This question

evoked some confusion but no clear answer, admitted that he STAT

would need to think more deeply on the topic.
The reticle spot would have its own size-changing system and would
be based on the projection of an image in the air which is picked up by an

optical system and relayed into the main optical path of the stereo comparator.

STAT

appeared to favor the reticle Vsi"ze and shape changing system

indicated on the drawing included with our request for quotation, When STAT

I questioned him in some detail as to the practicality of using an iris
diaphram in order to get an eliptical spot, he thought it a good idea and be-
lieved that it would turn out to'bé the best system.

11. Image Wander

had not resolved the problem of keeping the image STAT

from wandering as the various élements of the system are adjusted. After
discussing possible‘methods he stated that it was a mechanical problem
and that it presented no difficulty. He favored what he called "moving
the lenses inside of a long fu_be. "I ask‘ed him how proper align.ment
would be maintained, to which he replied thét proprietary methods were
available for doing this. No, further information w‘as forthcoming about‘
this particﬁlar situation.

12. Light Source

A light source zoomed to match the cones into and out of the
film plane was pro‘po‘s"ed. The light source must be fully incoherent and

this would be accomplis’hed' by installing a diffuser near the source. In
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STAT

diécussing the intensity of the light required for the system,
beliéved that ciisregarding the be'amsplitters and the peculiar problem of
C the 3.0 density film (Which he felt was far too black for any intelligent
use), abouf 40 watts of illumination would be required from a gas dis-
charge-type of lamp source. Considering thé number of beamsplitters and
the high density fi/lrﬂ requirements, he concluded that about 1-1/2 per
cent of the lamp illumination would eventuélly reach the eye pieces.
A3 kilov_vatt lamp should prove adequate. As to adjusting the brightness
of illuminétibn, he felt that this could be aqcomplished by moving the
lamp awéy from a sc:r'een. Some hurried calculations supported the
feasability of this method for the 3.0 density film change situatron. In
addition, some filters_ for brightness variation control migh‘r be useful but
he favored the moving lamp idea.

With regards to dooling ‘the film under the high light levels

| STAT

‘anticipated, _ , had no suggestions to offer Instead, he adopted
~the attitude that a"user"p.roblem' was involved. Running too dark a piece

of film would simply invr)lve the risk of burning it up. I attempted to

probe his experienc:'e in this area but he reiterated that it is primarily a
“user"problem and felt tha’r this typ‘e of requirement in our proposal was

not realistic.

.13. General Views and Information

STAT

strdngiy believed that the optical path must be kept
as long as possible. | |

Frram a cost ahalyéis viewboint, he showed concerns about
"design changes" whir:h could influence his cost. He made a substantial
issue over this point presumably in support of his view that the contraét |
must be awardéd Cost Plus Fixed Fee. While listening to him attempt to

explain the concem in this design change area, I concluded that he
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really did not believe his own explanations but was merely
establishing a position,
Lo The job would not be completed in less than 10 months.

Neither by overtime or other method could the time be reduced.

volunteered the information that he de‘fined this STAT

particular job as a/n aerial reconaissance type optical system as distinct -
from a microscope type optical systém.. He concluded that we should not
deal With a microscope design person or manufacturer but instead with an
aerial réconnéisance design person and ménufacturing firm.

The total of 200 drawings was estimated as ﬁecessary for the
entire design job.

14. Plant Facilities

The plant was large for its purpose-and there was considerable
amount of vacant area. The machine tool aspect, however, was limited.
About 4 medium-size milling machines and only 3 small-to~medium-size

. metal working lathes were available. By contrast, there were some 30

alass lens grinding and finishing machines, indicating g$ﬁ$

glass lens making cépability as fairly extensive. There'is a

well equipped optical test facility which includes a largé air shock
absorber-mounted optical test bench. In general, all the optical phases

of the facility were well represented.

15. Costing

Early in our meeting, explained in considerable STAT

length why was unwilling to bid on ariy basis except STAT|

Cost Plus Fixed Fee, i.e. they would not consider any fixed-price

quotation. During our conversations there were many oblique references
. . A\

to our mutual'c':ust'ome: and it is very possible that the terms of our

contract are known to This may have influenced their - STAT
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CPFF decision. The reason given for concern about costing was that

management knew nothing about management

Such requirements/would be entirely beyond the control of

-and there was some feeling that we and our customer might be

difficult to work with, or require them to make repetitious drawings,

design calculations, etc., which would add unreasonably to theif cost.

group and he hence felt that it would be unfair to them, actually
impossible for them,to quote on a fixed price basis. My final

attempts to discuss the philosophy of costing with him could not move

him; as closely as I can tell, remains absolutely firm in

the CPFF decision.

01400010012-6

STAT

STAT

STAT
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SUMMARY OF VISIT

Lo I visited Optiéal Instruments on May 18, 1967, and met with

President of the Corporation;

Sales Manager; and a mechanical engineer.

An optical consultant, had been invited to
- !
the meeting but did not appear. He was located later at his home and
- apologized for his absence with thevexcuse of being too busy to attend.

 Idiscussed the optical system design for the Sterezo Comparator

with As a geometrical optics designer, he appeared fairly

competent and experienced, although my questions to him regarding new
' state-of-the-art zoom optics indicated that he has not kept up~-to-date,
or perhaps is not interested in the newer sophisticated optical

developments..

| indicated that the optical design would be largely

done by himself. He proposed to hire one optical engineer to help with

the program, and to use the services of especially'for the
zoom and over-all dev‘elopmen‘t. Optical design would b.e facilitated by
using a computing service that has suitable programs.

When I questioned just how available this additional optical
enginéer might be, there was. no relady‘ plan. Suchremarks as "We will
find the man and hire '_him if necessary" vwere thé only assurances

given me.

stated that he did not propose to hire project _
planners or administrators for this job. But a maximum number of -

moonlighters would be'us'e_d elsewhere.

STAT

STAT

AR RN

STAT
STAT

STAT

STAT

STAT

STAT
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The only mechanical engineer available was ‘

and this man seemed reasonably competent. There was, however, only

one drafting table available in the entire plant and that was for

personal use.

Of the 14 people at there is

no one who can-be/ considered responsible for production control or

doubles as Company

administration: The Sales Manager,

Accountant, and the girl receptionist-telephone operator keeps the bdoks.

‘repeatedly pressed me to

express an opinion regardmg thelr chance of getting th1s job or the1r

_position in the vendor evaluatlons. I pointed out that this was a first

round only, a{nd thai:‘I neither had an opinion to offer nor was I in a-

position to offer an opinion at this time. They explained that as a

small company they could only work where there was a surety of being

awarded a centract. Therefore they were not willing to spend efforts
on proposals or other work that might not result in awards. Apparently
tbey have evalueted the Stereo Comparator as a project they would not

get under any conditions. I tried to dispel this point of view by saying

that from m}; vie‘w‘point this was a purely objective review of a preliminary

nature, and not being the decision maker, I was personally interested
only in what I saw and heard. I explained that if additional reviews were
required, there would be other people representing contracts, fmances,

etc., who undoubtedly would wish to talk with them.

I presented with a list of questions which he'.

should answer in-order for us to more clearly interpret their response
letter in the light of our proposal requirements . The information

requested merely clarified'schedule, deliverable items, and the cost

STAT .

STAT
STAT

STAT

STAT

STAT |
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breakdown for which they had not shown a separation between design
and hardware fabrication phases. They Lmderstand that there will not

be, from their sténdpoint, any deviation from their proposal.

takes the position that they do not

want the design work without carrying through with the fabrication
effort, and they w'i,ll only accept the design if, at the same time, they

are dontractually awarded the fabrication job in addition.

explained to me that their present business level

is quite good and that if it keeps up at the same rate for the rest of

y

‘this year they will achieve/\approximately $200,000.00. This was of

interest to me because for our contract has bid

and this would almost double their' amount of sales for
this vyear.

CONCLUSIONS

At this time, without reviewing the additional requested

information on scheduling and cost breakdown, it appears to me that

is not in the first line as a vendor. They are

leaning heavily on the design capabilities of‘ ‘who, as

president of the company, wilil be busy with many other tasks not related

to our project. They are additionally depending on\ ‘ \who
appears to be a busy man, even to the point of not keeping this

conference appointment made by him..‘{Perhaps making consulting

appointments and not keéping them is habitual routine for 5

g

apparently does not realize the rﬁany hours of mechanical

design drafting required for our contract. In effect he said "John

but John didn't seem able to have much ability to help himself since he was

already loaded with work. Nor were there specific plans for adding

will pull the job through and we don't have to worry about it":

STAT

STAT

STAT
STAT

STAT
STAT

STAT -

STAT
STAT

STAT “
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additional drafting personnel or equipment. did not ' STAT

mention using an outside drafting service, but I would expect that
undertaking the intricacies of opto-mechanical design plus the many .

interfaces required would be_extremely difficult without jobbing the

STAT

whole e_ffort on a crash basis. Especially if is to

meet their. 6 months schedule. I would not at this time rule this

company out. If, howeVer, we did eventually go to them, we would
have to virtu_ally prbvide their staff and manage the program for them
which I believe would be very costly. Nor would there be assurance

that they could reall?'perfOrm as required.

OPTICAL SYSTEM REVIEW

1. Ilﬂ;mination

A ‘light level w'ould be rﬁaintained that meets the requ'ired level
for filling the pupil of the.eye. Hence, for all magnifications of the
system; the'appérent bfightness of the image at the eye will be

~constant. | |

2. Illumination Source

An enclosed, high-pressure, arc lamp witha power rating of
500 watts would be used. A 300 watt lamp was considered inadequate.

Apvproximétely"l pef cent to § per cent of emitted light would
-likely reach the eye pieces. The remainder of light from the source
would be absorbed by beam-splitters, glass, and varibus steps
throughout the system. o
| No zoom condensé,r need b.e‘ﬁsed. A fixed-diameter circular
spot of light would be projected through the film after passing through an
iris diaphram. With increased system magnification the spot of light |

would reduce in diameter, a typical size being '1/32 inch for the field
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of view at 200X power. (These data were presented off-handedly, but

with confidence, and are not conclusions derived from calculations DIE

' 3. Optical Switc'hing

Optical switching of the eye pieces_ would be accomplished by
using 4 separate prismati.c p_luQ—in units. These units would not be
sepa'rate. pieces with separate plug-in action but instead a set which
will bffer 1 of 4 positions. As each.position is selected the appropriate
prisms will be introduced within the optical system and aligned with‘
the optical paths. - |

Whether or notlthe apparent brightness of the image is
maintained at a prober level when both eye pieces are switched from
stereo to one opticél path was not clarified.
4. Anamorph

The anamérph system would be a prismatJ_'.c type instead of
cylindrical. The latter type was thought to present too many aberrations,

nor would it give the required resolution.

5. Image Rotation
Image 'rotatio_n would_ be accomplished with Peshon prisms. The

problem of image wander inherent with this system was recognized, but

believed that adjustment could be made in the field to ) STAT

achieve accurate centering. °

-

6.. Zoom System
Zooming would be optically compensated.

7. Reticle System

The reticle injéction system would includeanamorphid
~compensation to-counter balance the effects of the anamorph system in.
the main optical path. The reticle spot would therefore appear circular

at all times. -
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‘The possibility of _using a diffraction lirﬁited reticle was
considered, but diAscu‘ssion of this sysfem was confused. SuchA points
as (l)'what effect woﬁld occur by the image éf the reticle, with its
own system of anémorphs', coupled to the irhage of the reticle passing
through the méin optiéal path system' of anamorphs ?, and (Z)Vjust‘what
would be the pattern of diffraction ?, remains unclear.

8.  Optical Bridge

My idea of_Eproviding the optical bridge structure for the

optical assembly met with approval. proposed to make

initial tests on the optical assembly and on our bridge at his plant.

Necessary readjustments and tests would be made when the optical

structure arrived at A third readjustment would take

. place when the entire machine was shipped to the customer's site.

Declassified i

No large shipping or fealignment problems were foreseen.

This additional readjustment work had not been included in the quotation,

but seemed dispo‘sed to include it, on the belief that it v

would not amount to a vsignificant additional cost,

STAT

- STAT

STAT

STAT

n Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79BOOS73AOO1400010012-6




.

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6"

STAT

P

design of the optlcal bridge properLy said.

. fér.: mwouIRY ror
DESIGN OF AN OPTICAL SYSTEM
0S-2-302-15/18

Gentlemen,

We are pleased that you could grant to us a longer time to send you our .
proposal for the design of the optical system- accordlng to the specification
0S-2-302~15/18, and we thank you for it.

We examined the design specifications and we are convinced that we may
undcrta&o such design in the required conditions.

b understand that the design must_extend_to the mechanical ccmponents
_—
directly related to the optics ; it does not 1nclude however, the complete ééaqu //
r'e

You Vlll find here-enclosed a technical outline from which we shall start

Tor the definitive de51ﬂn. . £

We also noticed that we could be entrusted with the manufacture of some

o]

O STAE

TSR

i e SR T

TR oe i en

T T e T

parts or of the whole optical system. If required, we could send you a quofation

Our price for the désign as specified will be ceers

for such menufacturing. : ‘ _ STA-W

We think that we could be able to undertake the design within time slightly
longer than the imparted time. That particular point together with the technical
questions that could arise, would have to be dlscussed and we hope that we shall
meet you about that matter. :

STAT

’;‘
1
5'
i

STATf

i

e SRR e M P
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We shall ask for some payments by instalments during the elaboration of

the design.’ ‘

. We hope that you can agree with our proposal, and that we shall soon come
to a completeagreement. ‘
. . A s s . ‘
. Thanltdng you in anticipation for your confidence, we remain, Gentlemen,
Yours truly.
STAT.
.‘[:‘:

T
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JOB/302 ' E

‘DESIGN OF THE OPTICAL SYSTEM

~ " FOR AN ULTRA-HIGH PRECISION STEREO COMPARATOR

* The general arrangement of the draw1ng E 4123 will be followed up for the
definitive design, it being considered that, to obtain a sighting precision of
1/4 micron, the reticle field injection 1nto the observation field has to be
kept as close as possible to the film plane in the optical system, and before :
the various moving controls for adjustment of the image. , . : [

" However it will remain necessa:y to keep the follow1ng elements before
the reticle injection ¢ :

“ _"1 - Verfical motion of the objective lens to p}ovide for focus on the film plane..
2 - The moving optical elements of the reticle injection collimator, say the

zoom 1 to 10 and switching system for magnlflcatlon 2 x, and the elements
for retlcle size, shape and azimuth control. :

Concerning paragraph 1) above, we assume that the focussing on the film
 plane is operated once for all before the evaluation of cach stereogram, and that
© . the possible defects in moving the obJectlve lens are not to be considered for
".the 51ghting accuracy.

e g o ,

As for the elements of paragraph 2), 1mperfect10ns in their guiding, that
- introduce some accidental parallaxes, will be minimized by having such adjusting
- elements operating in an optical system working in reduction for the reticle itself.
- Such condition will be thoroughly examined durlng the de51gn, so as not to imply
too strlc% mechan1ca1 tolerances- :

T R,

When examlnlng the optlcal arrangement for the observation system, it appears
that the main difficulties to be encountered in the design will relate to the
‘follow1ng particular points s

E 1 - Zoom systems with magnification ratlo 10 ¢ 1 or 20 : 1. We own various zoom
‘ . systems we designedand manufactured as taking lenses for cinematography and
- television, including 10.: 1 ratio. We are consequently led to consider the
~ combination of a zoom system 10 : 1 and a retractable afocal system affordlng
' -magnlflcatlon 2 x, thus giving flnally a 20 X range with a step.

‘ . . .. . . L . Ty, e 00
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S For the reticle 1n3ect1ng collimator and the 111um1nat1ng system, we may.
' ~ pessibly eonsider to eover the overall retbie bhreugh olie ZodM system 20 ¢ 1, o8
o they de net require so high performances-

- . . o o be L
- .2 -‘Therhigh resolving power the optical system hasvto_capable'of.

3 - The anamorphlc systems, which in thelr expansxon range of 1T :14t01; 2, '
have not to introduce a dlstortlon lurgcr than 1 %.

4

. 4 = The optical switching, whlch has to afford in the eyepleces the four modes
of operatlon o8 required.

The optical system we intend to de51gn would 1ncozporate, in each channel,,
the following elements :

- The objective lens for focuss1ng in the film plane - Poca] length 80 mm -~

- Relative aperture T : 1,3 corresponding to the required resolution of 1000 °
. line pairs in the fllm plane. The film would be located at the focus of the
- lens ; frontal distance 9 mm. ‘

.= The beam—splitter device

. = The Zoom system constituted by an afocal system with a range of 1 X to 10 X;
it will be derived from one patent of ours : two helicoidal motions of opposite
senses being imparted to two elements, say one moving element constituted by
- two groups of lenses and, 1nserted between them, a group nov1ng in the opposite

. direction. ,

f The afocal switching system with fixed 2 X magnification. .

.= The afocal system for anamorphic expansion constituted by a zoom system with
cylindrical lenses : one fixed group inserted between a group of two lenses moving
jointly. v ‘ . . ' : '

- An afocal system with fixed 1 X magnlrlcatlon constituted by two converging
. group of lenses having their respective front and rear focus congugated
"actlng as relay for the pup11 transport. :
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. 7« A field rotation system through: an Amici prism,

‘The bem—epli%ere .

A retractable mirrox system affordlng 3 out of the 4 required modes of
operatlon of the eyepieces. :

e An ob;ectlve lens that constitutes together wlth the eyepiece a telescope
~of 10 X magnification.

, .= Batween that objective lens and the eyepicce, a prisn-system ieversing the
.right and left images, and a prism system for the adjustment of the inter-
. pupillary distance. ,

. The optical system of the reticle injecting collimator will be constituted
.as follows H _

- The condenser lens

i-f = The retlcle holding the flduclal mark, at the focus of a 80 mm focal length
‘lens.

- A zoom system 1 X to 10 X or 20 X and eventually an ufocal system Lor fixed
2 X reduction. :

- An nnamerphic-system of a similar type as the one of the observation channel.

- Ah objecfive lens ( focal'lengthA1O mm) giving at its focus an image of the
- reticle mark reduced in size by 1 : 8 in average.

= An objective lens ( focal length 200 mm) transferring the image of the mark
to the infinity, to inject it in the observation channel.

‘The illuminating system will incorporate a zoom system 1 X 10 10 X or 20 X,

7

‘e : T Y]

_ Declassified in Part Sanltlzed Copy Approved for Release 2012/08/24 CIA RDP79800873A001400010012 6




| AT-

' Deolaseified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6

.- Py
-, * ™
¢ 3

N

" ,.i  STAT

Subject: Request for Proposal 0S-2-302-15/18 v
| | | | STAT

As a result of our telephone conversatlon of 19 AprLl
1967, we believe that we can now submit.a bid on your specifica-
tions OS 2-302-15/18. |

We. cannot qpote as outlined on your proposal schedule
as the cost of submlttlng ‘such 'a proposal would be greater than
our proposed profit on this requirement.

We believe you already know our ablllty and competance
&s a result of doing the investigation on this original
proposal last year. If we should be successful on this proposal
we would hire additional personnel to assure ourselves of meeting
all of your delivery schedule.

We are in the bu51nessof designing and building i -
systems,therefore we submit a firm fixed price, of{gg;ﬂ;gp&lgalgt STAT
for the design and fabrication of your complete system and. do
not wish to submit 'separate bids for de31gn and then resubmlt
for the fabrlcatlon We would deliver all ten (lO) items @5
called for on your schedule but reserve the right to change the
delivery to a mutually agreed-on revision. We believe that
preliminary drawings should be submitted four (4) months ARO,
test and inspection - seven (7) months ARO,etc. o

We are w1lllng to post a performance bond but request that
payment be made as follows :

1. upon placing the order. STAT

2. DMonthly progress payments to be pald ten (10) days
after belng submltted . ,

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6
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STAT
24 April 1967
‘ We realize that we are probably putting too much emphasis on
| methods of payment but we have to pay{ggper hour for the STAT
- use of the IBM 7094 computer and it is our estimate that we will

| have to pay| lcomputer time the first month after we STAT
‘ - recelve your contract. If we do not pay this charge we could be
stopped from using/ the computer.

We hope that you will see fit to give us further considera-
tion on this requirement,as we feel very confident that we could
do an outstanding job for 1f given the opportunitySTAT
to do so. , ' '

Sincerely yours,

STAT

WJH:cb
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13 May 1867

©_..STAT

Berkeley 10, California .

" STAT

Attention: Contracts Adminstrator

Gentlemen:

Enclosed herewith is our technical proposal and cost
proposal for the Detailed Optical Design of an Ultra-High
Precision Stereo Comparator. As will be noted, we are well
qualified to do this work, but we are a relatively small

firm. Due to the scope of this work and its duration, we

would require monthly progress payments after the completion
of the second month in accordance with the usual 70% schedule

- under ‘ASPR or eduivalent.

<

Hoping we may be'oftéervice to you, I am

Very truly yoﬁrs,

STAT

. President

RRYW /bh
Enclosure
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[ USTAT

PROPOSAL TO DESIGN THE OPTICAL SYSTEM
FOR AN ULTRA-HIGH PRECISION STEREO COMPARATOR

proposes herein to provide STAT
STAT
with & complete optical design, optical and opto- STAT

mechanical specifications and tolerances, fabrication estimates,
and codrdination with the design of the rest of the Ultra-High

Precision Stereo Comparator.

is particularly well qualified to provide STAT

the most satisfactory service here by virtue of its experience
with the design and fabrication of unusual optical systems of

high precision and its lens design facilities and abilities.

Our chief designer, is fairly unique in the industry STAT

and uniquely suited to this development in that he never designs
an optical system that he cannot produce himself, andlhe is able
to fabricate systems beyond the capability of most opticians.
This factor insures two things which are to our customer’s ad-
vantage: One, the fiﬁal optical system designed is realistically
tailored to fabrication and is not just ‘’good on paper but can
not be built’’; and Two, that the design is not ultraconservative
in the other direction preventing it from realizing its full
potential within the state of the art. This intimate contact

between design, fabrication, and testing always works to advantage

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 - CIA-RDP79B00873A001400010012-6
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but is seldom found in the industry today.

STAT

has been involved from time to time with the

development of photogrammetric instrumentation, principally the

taking and ’“’monocular’’ ¢omparator systems. We have the good

fortune also, of being a few hundred feet away from both STAT
STAT

who are well known and respected throughout the world

in the field of analytical photogrammetry and data reduction, and

who has some reputation for its

STAT

mechanical prowess with photogrammetriq instrumentation.

The function of the optical system to be designed, as we
understand it, is to transform two photographs of a coﬁmon area,
which may be taken with different cameras or from different dis-
tances and different orientations, into images at thebsame scale,
orientation, and aspect. This requires sevéral_basic optical sub-
systems:t One,'a means of rotating the two images with respect to
each other; Two, a means of changing the magnification of one or
both of the images! Three, a means of changing the aspect or
apparent angle of view (obliquity); Four, an illumination system
compatible with the abqve and with a means of balancing the bright-
ness of the two images; and Five, such other optics as are required
for viewing, photoelectric pickoff, retical illumination, and in-
tegration with the mechanical requirements. Figure l,.shows a

block diagram of the optical functions of the system.

Mention has been made of the possible neceéssity of a zoon

A S
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illuminator system to mate with the zoom viewing system. Our

preliminary investigations preparatory to this writing indicate
that it may be possible to design the system to use fixed illumi-
nator optics which provides sufficient illumination fpr the most
stringent high power case and is naturally controlled by the
pupils ofAthe system to be uniform of the zoom range. This matter
will be extensively investigated in the study phase of the proposed
design. The specification for the color temperature of the light
source to be in excess of_3500°K nmay require~an appropriate arc
lamp such as a Hg-Xe or Xe short arc lamp,although. some Quartz
Efalide lamps may approach this level. The apparent color tem-
perature will of course depend on the filters (cold mirrors, etc.)
in the optical train.
The basic objective lens, by present concept, would be very
closely coupled with the reticle insertion system for stability
of the reference point in photogrammetric work. The nature of
the . . 21l requirements makes the reticle insertion system rather
complex. Since its image is to be variable in size and circular
~and yet is operated on by the zoom and anamorphic optics of the
main system, the reticle system must have a zoom and anamorphic
optics to compensate for the main system. The reticle will be a
bright circle or spot of va:iable brightness.
The image size, aspect, and orientation optics constitute the’

most sophistication of the system and may be integrated in various

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 - CIA-RDP79B00873A001400010012-6
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ways. The exact order will best be determined after the design.
study has progressed further. |

Image size must be variable over a 20 to 1 range with a zoom
system. We reserve tﬁe possibility of doing this with a 2X mag-
nifier and a 10X system if a 20:1 zoom proves to be less practical.
We favor an ’‘’electrically compensated’’ zoom system at this time
where -the lens positions are controlled by ‘’electrical cams’’.
The stringent requirements of this system make an optically com-
pensated zoom seem impractical because of the residual focal
shifts. We are currently working on a 50:1 “’electrically compen-
sated’’ zoom system for a very special application and some of ‘l;he
results of that work should be beneficial here.

The image aspect must be controlled by a variable anamorphic
magnification of up to 2:1 in any azimuth. We will make extensive
investigations to find the most suitable form of anamorphic lens
for this system, but at the present time a double transfer system
as shown in Figure 2 seems most favorable. The system consists of
two anamorphic lenses with av‘gﬁﬁ = I:E "~ ratio
back to back which can be rotated with respect to each other and
as a group. In one orlentatlon we get@r..‘v_‘xv—‘ = = |
and when turned 90° we get V_' V—'XF—L = {24 -L_2° We would

like to dlscuss the acceptability of this with the customer as op-

posed to a {-‘ Xr‘ %.,Xﬁaalr which could also be used but would

suffer from greater aberrations. This would have an affect on the

L“STAT
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400:1 ratio on one axis. The first system described would only

go to a 283:1 maximum ratio while the other axis would be 141:l.
It appears that this system would have a significant pgrformance
advantage and yet achieve the desired result. We have, in the
past few years, designed and fabricated several anamorphic lenses.
We have computer programs which we developed several years ago for
designing such systems. Although our experience with a variable
anamorphic system as required here is not extensive or recent, we
feel we understand the problems and solutions and that we are well
cqualified to apply our talents to an optimum solution for the pro-
blem at hand. |

The image rotation or orientation system will need to be
chosen in detail when the rest of the optical system takes shape.

It is ﬁoped that the more sensitive and complex systems such as

the Peschan prism can be avoided in favor of a reflecting equivalent

of the Dove prism, or the like, as shown 1n{:::::}0pt1cal Schematic. STAT
The handling of this subsystem is relatively straightforward from a
design standpoint.

The beamsplitters, and mode selection optics are also reasonably
straightforward. The.major considerations here will be geometrical
and coating considerations.

Figure 38 shows the general layout of the piogram management

task chart. The figures indicate approximate manhours from point

. e My . STAT.
to point. is willing and able to provide I
the necessary manpower outlined for this project. The project
AT TR Y T TG G R T AR R R T BT T S BT RIS B ] ST 2 TS gt
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managenent is somewhat simplified by the fact that we are a small
organization and the project engineer, chief optical designer, and

chief administrator would be in extremely close and continual con-

tact since they are all one individual, He would STAT

be supported by a senior optomechanical engineer with whom we are

now negotiating employment for our general technical staff, and an

STAT
optical engineer. competence and ability to success-

fully complete complex optical designs is demonstrated by the work
referenced in his resume’. We will be pleased to provide a list

cf gll of our customers, almost all of whom are quite satisfied
with our work and continually bring their optical and optomechanical
rroblens to us.

Our optical design computer programs which we use on the
various IBM 7000 series computers are, on the average, second to
none in the industry. They include automatic optimization of lenses,
aspheric surfaces, cylindrical and cone shaped surfaces, torrocidal
surfaces, MIF computations, automatic focus search, automatic cen-
troid location, spot diagram production (automatic plotting), test
data computation for aspheric tools and Foucault tests and Gaviola’s
Caustic test, and evaluation programs for lenses with tilts and
decentrations for tolerance studies.

Although the task is a difficult one, we anticipate no major
technical stumbling blocks. The schedule will be difficult but not

impossible to meet, mostly in that the Preliminary Drawings might be

e e B e SRR A AN R, S TE AT TR S R A TR S g Saaen ek
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subject toc some change after the 3 months point, due to optimiza-

tion of the lens design after that time. In conclusion,

is particularly well suited to this development

because of its ability to devote its unicque talents in a very

efficient manner to achieving a satisfactory result at a minimal

cost.
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v COMPACT
VVERSATILE
V' HIGH RESOLUTION

ULTRA-COMPACT LENS SYSTEM

MODEL 20I

This lens is of long focal length (72") but of very short
actual length (6.625"), and it is designed for high resolution
photography and observation of objects at great distance. Uses
include the observation and photography of: Missiles, astro-
nomical objects, birds, ships, and other remote objects. The
optical design is such that near perfect performance is achieved
over the entire format of a 35 mm camera.

OPTICAL CHARACTERISTICS

Aperture: 4.0 inches

Focal Length: 72 inches (convertible to 24")
Field of View: 1.2° diagonal

Resolution: 1 arcsecond

Focus Range: 100 feet to infinity

Spectral Range: 3,800 to 25,000 A

MECHANICAL CHARACTERISTICS

Weight: 2.6 pounds

Diameter: 4.75 inches

Length: 6.625 inches

Camera Mounting: Adapters available for
most standard 35 mm cameras

Tripod Mount: Flat plate with 1/4" -
20 female hole

Finish: Anodized aluminum

NOTE: UNITS TO OTHER
OPTICAL SPECIFICATIONS OR
FINISHES, CAN ALSO BE PROVIDED.

nAcn
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Light Source:
Beam:
Solar Image:

Uniformity:

Requires:

w51 e
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SOLAR SIMULATOR
MODEL 212

This Solar Simulator provides a means of testing and calibrating sun
sensors and trackers accurately in the laboratory with full sun (in space)
intensity with the sun at infinity subtending the proper angle.

OPTICAL CHARACTERISTICS

6500 Watt Xenon short arc lamp which matches sun well from
.35 to 3.0 microns with some excess from .7 to 1.5.

5.0" Diameter, full sun as viewed from above Earth's atmos-
phere.

At infinity, 32 + 2 arcminutes diameter (20' - 60' optional).
Less than 40 arcseconds blur at edge of sun.

t 6% With ribbon filament lamp; + 13% over 3" central
beam with Xenon lamp. Greater uniformity can be a-
chieved with special lamp, if necessary.

MECHANICAL CHARACTERISTICS

Instrument and mounting table is 9 feet long, weighs 800 pounds.

Beam height above floor can be set at time of order, approximately 4 feet.
All surfaces dull black.

10 KVA of 220V, 3 phase, 60 cycle power also less than
1 KVA 110V, single phase, 60 cycle. Cooling water
(ordinary tap and drain will do). Cooling air (ordinary shop
air line without condensed water).
Exhaust for ozone is recommended.

NOTE: UNITS TO OTHER OPTICAL SPECIFICATIONS
OR FINISHES,CAN ALSO BE PROVIDED

VACCURATE
v UNIFORM
Y POWERFUL

STAT

STAT
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vRUGGED
v PREGISE
vINEXPENSIVE

OPTICAL RETRO-REFLECTOR
Model 2I3-A,213-B STAT

These Optical Retro-Reflectors have been designed and constructed to return
laser beams, etc. in the direction from which they came and to survive the severe
environmental conditions of rocket launch when surface mounted without protective
shrouds.

OPTICAL CHARACTERISTICS

Aperture: 3.0 inches
Return Area: 6.9 inch? on axis, 3.8 inchZ at 15° off axis
Spectral Range: 4500 — 20,000 angstroms
Return Beam Pattern: Model 213-A, 2 arcseconds spread
Model 213-B, Uniform spread of 10 arcseconds to compen-
sate velocity aberation

MECHANICAL CHARACTERISTICS

Weight: Model 213-A or -B, 3.5 pounds; -AL or -BL, 2.5 pounds

Diameter: 5.0 inches outside

Depth Overall: 2.75 inches

Mounting: 1 in. depth of 4.00-8 thread per MIL-5-7742, lock screws in flange

Finish: Irridited aluminum housing
Sealing: Unit can be pressure sealed at installation

SURVIVAL ENVIRONMENT

Vibration: 10 to 2000 cps; 30G peak at 200 cps

Shock: 1500G peak for 0.2 msec

Acoustic Noise: 150 DB, peak at 200 cps

Temperature: Rapid rise to 500°F contact air temperature

NOTE: UNITS TG OTHER OPTICAL SPECIFICATIONS
OR FINISHES, CAN ALSO BE PROVIDED.

STAT
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We appreciated the opportunity to talk
with you today concerning the:

OPTICAL SYSTEM FOR AN ULTRA-HIGH PRECISION STEREO
COMPARATOR.

As I mentioned, we would be happy to work
with you on this project, and, in the event you would
like to have us work with you, you would probably want
to handle it on a phase-to-phase basis, with differ-
ent allocations for each phase. Of course, these
phases would have to be described in such a way that
none of them require possible completion of the pro-
ject. The reason for this is that we work on a time
and material basis, and simply sell time, plus ma-
terial and expenses.

As I also mentioned, this would simply mean
that we would practically become part of your organiza-
tion, in that we would assign all patent rights. Also,
if at any time you might wish to stop the project, all
drawings, specifications, etc. relative to the project
would be yours - - which, of course, they are, in any
event.

would cost | and would take six to eight months STAT
to complete. — /

—_—

\ It would be my guess that the optical design )

We are enclosing our Brochure and Policy Sheet
for your further information.

Glad to talk to you and we hope to hear from
you further.

Sincerelw

STAT
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STAT
/ POLICY SHEET
1967
Our policy, for all of our clients, is
to work on a time and material basis only, with
charges made for all Designing, Consulting, Engi-
neering, Computing, Drafting, Laboratory, and Ma-
chine Shop work requested, as well as travelling
expenses, legal expenses, etc.
Our billing is on a weekly basis, and,
because of the nature of our work, which is pri-
marily original development, we are unable to give
quotations or estimates for completed projects. How-
ever, we can, in a general way, advise about costs.
Our rates for the period shown above are
as follows:
STAT
- - = STAT
Senior Engineers
Optical Engineers; Optical
Designers; Optical Technicians;
Computer Operators; Draftsmen;
Instrument Makers, etc.
Our charges for Electronic Ray Tracing are
based on ten cents per normal ray surface.
We wish to express our gratitude for every
opportunity to be of service. ‘
STAT

November 1, 1966
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May 5, 1967 ' ;

STAT

Subject: Management Proposal for Design & Development of an
Optical System for an Ultra-High Precision Stereo Comparator

STAT

. Reference: 0S-2-302-15/18, Job 302, April 5, 1967

STAT

o - We are pleased to submit our proposal for the above referenced subject,
The technical requirements and contractual provisions have been care-
fully reviewed and we feel confident that the program can be undertaken
and completed to your satisfaction.

Thank you for this opportunity to work with your firm,

Yours very truly,

STAT

Manager, Program Development

MCC:jc
~ Enclosures

CREATIVE ENGINEERING FOR INDUSTRY
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Introduction and Summary

This Technical Proposal covers the enginesering, development, detail de--

'sign, and preparation of manufacturing drawings of the optlcal sys;tem for

an Ultra~High Precision Stereo Comparator.

will éupply the optical design and mechanical design |

for correctly interfacing the optics and necessary elecironic inputs and out-
puts. We will also supply specifications, test requirements and a cost
estimate for manufacture.

The range of magnification of 20/1 tdgether with a resolution of 1000 lens/mm.

STAT

required by the specification, have been studied, and we feel that this cannot’
be met by the use of only a single objective and a 20/1 zoom lens. We there-

fore propose a 10/1 zoom lens and two objective lenses to cover the magni-
fication range. We foresee no major problems in the remainder of the design
program. By adopting specialized design techniques and correct tolerancing,

the design specifications can be met. The mechanical design approach will '

use modular assemblies to minimized mterfacmg problems, and 51mp11fy
final alignment of the overall system.

The Task Description shows the various phasés of the design breakdown, and
the allocation of design responsibility in each area.

The requested schedule of six months has been carefully reviewed, and due
to the complexity of the optical and mechanical requirements, felt to be in-’
adequate. We therefore propose a 10 month schedule for the completion of

the project. Six months after the start of the project, sufficient layout and

detail design will have been accomplished to cover all aspects, the optical
design, physical placement of components and modules to ensure correct
interfacing with the] = |mechanical and electronic design. The balance

of the schedule will mainly be devoted to producing detail drawings, sp°01— ‘ ’
fication reqmrements and fabrlcatlon estimating.

We regard this project as a highly exacting task. The performance require-
ments for high resolution.and minimum image wander over a 20 to 1 range of
magnification can be met only by exiremely high quality optical and mechani-
cal design work, and meticulous attention to detail. We believe that the
optical and mechanical designers who will carry out the work have the cap-
ability and experience to perform the necessary design work at the required’
levels of quality and precision. Our management control technigquss will
insure that the job is done with the guality required, and within the pro-
posed firm schedules. We are confident in our prediction that a successful
design will be achieved which will meet the requirements. -

-1 -
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1.0 DESCRIPTION OF TECHNICAL APPROACH

1.1 Optical Design Concept - The optical requirements of
the system may be examined under the following breakdown.

1. Objective and zoom system;

2. Anamorph system;

3.  Image rotation; ,

4, Beam splitters for image dissection and exposure

control;
 Eyepiece prism system for viewing modes;
- Eyepiece and relay lens design;

Reticle system;

Illuminating system.

oo N oy
¢« o s e

There is a stfong inter-relationship between these various sub-systems, and

in discussing them there is bound to be some cros s-referencing, but the
grouping in the above categroies makes for a coherent approach to the whole
problem of designing a suitable system. ' ' '

1.1.1. Objective and Zoom System ~- The range of .
magnification required is 20/1, and the first point to be considered is whether
this can be achieved in one step, or whether two steps are required.

Zoom lenses are now commercially available with a 16/1 variation (for image

orthicon use, Taylor-Hobson) or with a 20/1 variation (for vidicon use; Angen- -

ieux), so that there is positive evidence that the 20/1 range of variation,
which is required in this project, may be obtained in one step. The deciding
factor in making a choice, however, is not the possibility of designing a 20/1 .
zoom lens, but the capability of the objective.lens. At the upper end of the

magnification range, a resolution of 1000 lines/millimeters is required. This a

is an extreme demand and implies that the objective lens is operating under -
diffraction limited conditions. The depth of field is also defined by diffrac-
tion phenomena, and in particular, the limits of the depth of field are set by
criteria established by Maréchal. o

In order to obtain this resolution in the visible region of the spectrum, the. .
f/number for the objective lens must not be greater than about £/1 .5. A

choice of £/1.5 for the f/number, however, has two implications:

a) There is no mAargin of safety for manufacturing impérfectiorjis}

-2 - »
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b) The exit pupil for the complete viewing system becomes too
small. (The diameter of this exit pupil is 250 7 (magnlflca—.
tion x f/number) For a microscope at 100 X, the f/number

of the ob1ect1ve is normally 2.0, so that the ex1t pupil has
a diameter of 1.25 mm) : V

-

If we decrease the f/number, so that the ultimate capablhty of the obJectlve N
is increased, and so that the pupil diameter is also increased, then the '
depth of field is substantially reduced. In the diffraction limited mode the
depth of field varies as the square of the f/number. This depth of field has

to be utilized in order to overcome the effects of secondary spectrum.

~ For a system which works only on axis, we can overcome the effects of
secondary spectrum by using a reflecting system. In a system which has
to cover a more extended field, even at lower apertures (as is required by
this project) then the-use of a reflecting system becomes more difficult,
and contrast is lost because of the annular pupil that is used, We there-"
fore propose to limit our consideration to refracting objectives only. -~

3 ¢33 2 €3 2

The secondary spectrum varies dlrectly as the focal length of the obJecnve,

0

and in standard microscope work it is customary to use very short focal
- length objectives. Such objectives, however, have only to cover a very ;
iu ‘restricted area, while the present system requires that the obJect1ve cover
. a field of .72 inches d1ameter under 10 X conditions,
: We can gain some relief of the secondary spectrum cond1t1ons'by noting.
that the color temperature of the sources may drop to 3500%K. If we take the
s sensitivity of the human eye in combination with the black body emission :
Ix_—, curve for 3500K, we obtain the overall response curve shown in Fig. l It o
will be seen that the overall response is down to approximately 10% at.the -
a "C and F lines, but that it rises fairly rapidly w1th1n these wavelengths. By
L making an area count we find that approximately 80% of the effective radiant o
: energy is contained between the wavelengths of 520 and 620 millimicrons,
m with a peak intensity at 565 millimicrons. This has a definite bearing'on the-
O amount of secondary spectrum which is permissible. If equal weight were
. given to all wavelengths in the visible region of the spectrum, then a suffi-
~ ciently reduced secondary spectrum could only be achieved with an objective’ ‘
s lens having a focal length of the order of 8 mm or less. If, however, we take i
. into account only the radiation lying between 520 and 620 millimicrons, and - - .
f“ - regard the radiation outside these limits as degrading micro~-contrast, then. | = }:. L
- it becomes feasible to use an obJect1ve for the upper lim1ts of magnlflca’uon y
-of longer focal length. . : EE SR
- It does not, however, appear to be feasible to use this same obJecnve,' in a
zoom system to cover the 72 mch diameter fzeld required at 10 X magniﬁca—r
.h : tlon. L . . ~ L .. . 8 ..
o : o
M
w !

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6 ~ *



- Declassified in Part - Sanitized Coby ApbroVed for Release 2012/08/24 : CIA-RDP79BOOS73AOO1400010012-6

Considerations of this type, and the feeling for practical optical systems
which has been gained by extensive experience with high-performance
systems, including zoom systems, leads us to the following concrete pro-
posal for the best way of achieving the desired end results:

_ 1.1.1.1  The magnification will be effected in
two stages, from 10 X to 100 X, and from 20 X to 200 X. The transition
from one stage to the other will be made by interchanging objectives.

1.1.1.2 For the 20 X to 200 X range, the ob-:
jective will have a focal length of 1.2 inches and an f/number of 1.2.
This objective will probably comprise a 5 element lens plus a field flatten-
er. The clearance between the field flattener with a diameter of .36 inches,
and the film plane will be not less than .15 inches, so that an adequate
volume of cooling air may be directed at the film. '

1.1.1.3 For the 10 X to 100 X magnification,
the objective will be a 2.4 inch £/2.4 lens. The resolution obtained at
100 X magnification will be about 700 lines/millimeters. This lens will

.also probably be a five element objective, with a field flattener .75 inches’
* in diameter, located not less than .25 inches from the fi;m plane.

1.1.1.4 The 10 X to 100 X objective and the
20 X to 200 X objective will be made parfocal, so that the change may be
made from one to another without the need for refocusing. The final par-
focalizing adjustment will be made optically, since we are considering an
adjustment within less than one ten-thousandths of an inch. This optical
adjustment will involve a change in the separation between a weak positive
and a weak negative lens,

1.1.1.5 Provision will also be made to adjust
the objectives so that the lateral displacement of their two image points is
less than one-quarter of a micron. The final adjustment to this premsion

_will also be made optically by counter-rotating two weak wedges.

1.1.1.6 The focusing of the objectives will be
done by moving them in their carriage in a direction parallel to their optical
axis without rotation. It cannot be assumed that tolerances on all compo-
nents may be held so closely that the movement of an objective along the
axis of the metal parts will hold the image position within one-quarter mi-
cron. An adjustment will therefore be provided as discussed in the section
on mechanical design, to bring the optical and mechanical axis- of the ob~
jectives into parallelism. - :

1.1.1.7 - A mechanically compen’éated zoom lens

will be used with a 10:1 variation, from 3.16 X'to .316 X,  This will,in fact,

e
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C be essentially a variable magnification Gallilean telescope plus an ob-
jective lens.

e 1.1.1.8 The outer elements of the Gallilean
. telescope will be four inch focal length doublets or doublets plus singlets.
The inner moving negative component will have a focal length of .95". This
negative component will move, without rotation, through a distance of 2.73
- inches. The rear positive component (furthest from the film) will execute

a reciprocating movement through approximately .27 inches.

—— 1.1.1.9 The front positive doublet has a dia-
meter of 1.0 inches; the rear positive doublet has a diameter of .325 inches.
The negative component will-be of three or four element construction, with
~-— a diameter of approximately .42 inches.

1.1.1.10 In the course of the zoom motion, it is
probable that the optical axis of the system will change the direction in
which it points. This will not be a linear function of the zooming action,
but by suitable mechanical design approaches and by holding the component
tolerances to very tight limits, the linear term in the function expressing the
wander of the axis will dominate all other terms and its effects may be eli-
minated by an angular adjustment of the zoom lens as a whole. )

1.1.1.11 The objective will be a 7.60 inch £/24
triplet, covering a field of .72 inches diameter. Special attention will be :
- paid to minimizing secondary spectrum.

The general form of the obJectlves is shown schematically in Fig. 2a 2b,
and the zoom unit is shown in Fig. 3.

1.1.2 Variable Anamorph System - There are two
basic forms of variable anamorph to be considered, the cylindrical and
o prismatic forms.

Of these two forms, cylindrical form at first sight appears to be very attrac-
tive, particularly since there is no axial displacement between ingoing and
emerging beams of light. An anamorph of this kind is essentially a cylindri-
cal version of a 2:1 zoom lens. From the conceptual point of view there is .

s no particular difficulty in making the transition from a spherical surface
zoom lens to a variable power anamorph. What has to be considered are
the practical implications of this approach, particularly in the demands

- that are placed upon manufacturing tolerances.. These fall into two main
categories, the alignment of the cylindrical surfaces, the maintenance of

) this alignment during zooming, and the establishment of the proper surface
- figure on the cylindrical elements.

.rl

\ . . . . 4
. ' . ot
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\.,4 Any misalignment of the generators of the cylindrical surfaces produces a
shift of the focus in one meridian by an amount which is proportional to
the misalignment. For the standards of performance required by this pro-
ject, the maximum permissible shift is of the order of one ten-thousandth
of an inch at the upper limit of magnification. This presents a very differ-
ent situation from that encountered in cine work, where a Shlft of ten times
— this amount may be tolerated.

The tolerance on surface figure must also be related to the high magnifica-
— tion resolution, and this requires a wavefront distortion of less than one-
quarter of a wavelength. This kind of surface figure may be achieved with
plane and spherical surfaces, or even with aspheric surfaces, but it is
exceedingly difficult to achieve with surfaces which do not have an axis
. of rotation, such as toroidal or cylindrical surfaces.

We therefore believe that the best approach to the variable power anamorph

. is to use prisms.  In many applications of anamorph systems, the lateral

~ shift of the mean ray, as it goes through the prism system, is not of major
importance and a two prism system may be used. In the present application,
- however, where the anamorph is located within an optical train, the lateral
shift should be minimized. We propose, therefore, to use a four-prism
system as shown schematically in Fig. 4. There may be a small residual

(é : lateral shift, but this will not be significant as far as final results are con-
. cerned.
- In order to secure this condition, the anamorph unit will be located in accu- -

rately collimated space, and the aberrations of relay lenses will be individu~-
ally corrected by making them of triplet form. (This is in contrast to standard
— _ practice where doublets are used, with coma left uncorrected in the individual
units, and where only the total system is corrected for coma). It will be
necessary to over-aperture, by a slight amount, the relay lenses which follow
= the anamorph, in order to take care of this lateral shift of the beam of light,
but this should not provide any problem since these lenses are working at

low apertures and there is no significant growth of higher order aberranons :
~- when the apertures are opened up.

The dispersions of the prism materials will be chosen to reduce chromatic
o effects to an imperceptible level.

The angular spread, in any azimuth, of the parallel beams of light traversing

o the prism system will be kept small by maintaining the focal length of relay

L, lenses as large as possible. This will minimize the unsymetrical magnifica-
tion and the curvature of normally straight lines that is found in prismatic

L anamorphs. Because of the low apertures of the relay lenses, of the order

L, of £/24, we do not anticipate any problems in establishmg suff1c1ently long
_focal lengths for the relay lenses o :

' P
LR
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With the prismatic anamorph system, any misalignment or maladjustment -
of components will result in shape errors only, but not in quality degrada-
tion. This situation is more amenable to corrective measures than the
corresponding situation w1th a cylindrical system.

o 1.1.3 . Image Rotation - The image rotation devices
.~ will be mounted in the same collimated space as the anamorph unit. There
*..are a number of standard units which may be used to effect the image rota-

- tion, such as K-mirrors, M-prisms, and so on. The system which we propose -

to use in the Schmidt (Pechan) prism. Our primary reason for using this is

- that the general shape of the reflecting surfaces, as well as the angles of
incidence .involved, lead to fea51b1e manufacturmg condltlons. In’ contrast
with this, a Dove prism presents a severe manufacturing problem to get the
standard of performance required by this project.

The most important problem is to reduce the image wander. &s the Schmidt .
" prism rotates, to less than the prescribed level. A detailed tolerance analy-
sis of glass and metal parts will be made in order to determine whether the
image wander may be held by maintaining tolerances alone; It is quite
probable that this will involve extremely tight tolerances, and provision will
therefore be made in the design for the mounting of apar -of weak contra-
rotating wedges which may be used in order to eliminate image wander. with
the understanding that they will be omitted in the fabrication stage if parts

can be made sufflc1ently precise. ) The image rotator is shown schematically
in Fig. 5.

) 1.1.4 Beam Splitter System - There is nothing of

" particular to note in this system. It is listed separately because our current.
thinking is that it will constitute a separate module. A neutral den51ty par- L
t1a11y reflecting coating will be used on the diagonal of this cube. o

; 1.1.5 - Evepiece Prism System - Optical Switching
Module for Eyepieces. The requirement is that the observer be able to view |
in either direct or reverse stereoscopy, or that he be able to’ v1ew elther
- photograph with both eyes at the same time.

This reduces to a requirement that either image must be available to either
eye at any time, so that a switching system which makes both images avall-‘
able mdependently to both eyes will meet the requirement.

It is proposed to accomplish this optical switching by means of a beam— :
splitter assembly and a moveable prism assembly for each eye.

A beam-splitter will be placed in each imaging system at the point where the’
beams are deviated toward the eyepiece system, and will be arranged so that
- there are two equal tracks generated fcr_eachn.imaging system. The axis .of

e . S Y
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| | .
= the two tracks will be arranged so that one track from each side will con-
-  verge to a mirror or prism assembly for each eyepiece. This reflector as-—
P sembly will be provided with the necessary rotational and translational
= motions to bring either image to the focal plane of the eyepiece.
‘ :‘, The requirement for change in interpupillary distance will be met by coupling - |

the movement of the eyepiece to the rotation of the reflector assembly, or _
by providing conventional Greenough prisms for eyepiece adjustment. -* « ¢

The requirement for changing the inclination of the line of sight of one eye—i
piece will be met by providing a £1/64 inch movement of one eyepiece. ‘
There is image rotation available in the system, so that there is no need to 3
have the image appear in any. particular rotation in the eyepiece, but it is:
essential that both eyes see the same image in the same azumuth if both
eyes are looking at the same image. This makes it necessary to have the
reflector assembly with two reflecting surfaces so that rotation of the re-",
flector will not rotate the image in its own plane, as would be the case
with a single reflection. The eyepiece prism system is shown schemati-
cally in Fig. 6. : .

i3 ©3J

3

* : *

1.1.6 Eyepiece and Relay Lens Design - The
feature about the eyepiece design which merits particular attention, is the
comparatively long eye clearance required, namely, 20 mm t2 mm. for a
“focal length of 25 mm. This is distinctly longer than the eye clearance
normally obtained with microscope eyepieces. It does not lend itself, for -

“example, to the use of a Ramsden or a Kellner eyepiece, and we therefore
propose to use a two doublet eyepiece, or a two doublet plus singlet type .
of eyepiece. The exit pupil of the eyepiece is limited to a diameter of
1 mm by the overall system considerations already described, and conse- .
quently the only aberrations which will require a special effort for their

s

tion of the exit pupil. Pupll wander introduced by the variable anamorph 1s _
negligible. - '

A series of relay lenses will be required to transfer the image from the
focal plane of the zoom lens to the focal plane of the eyepiece. The exact
form of this series will depend upon image inversion characteristics of the
eyepiece prism system discussed in Section 5. No particular problems are ]

One point that is worth bringing up is the possibility of increasing the exit
pupil diameter for the lower ranges of magnification. Itis believed, that,
with the illuminating system proposed, the brightness level will be suffi-

cient to fulfill the requlrements of ‘this pI'OJeCt However,, it is somewhat

more comfortable to use a larger exit pup11 smce there is not the same

7 L3 €90 £33 £ 3
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correction are astigmatism, distortion, lateral color, and spherical aberra-

expected in this area because of the low aperture required for these lenses. | v
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. tendency for viewing to be affected by imperfections in the lens of the ob-_- o

server's eye. This is an additional feature, and will only be added if it
appears in the course of the design program that it can be achieved without
serious problems. It will require, for example, that the diameters of the
moving negative component,‘the rear positive component in the zoom, the :
first objective lens and the relay lenses be increased. The f/number of
the eyepiece will also be decreased. What we have in mind is an increase
in pupil diameter to 2 mm (from 1 mm) at the lower magmflcatlons. This
type of increase in dlameter from 1 mm to 2 mm., does not mvahdate any

., of the statements previously made.

1.1.7 " Reticle System - The information provided - .
by the reticle system will be-fed into the collimated space between the ob-
jective(s) and the zoom lens. We propose to leave to a later date the de- . ‘
cision as to whether the beam splitter will be of plane-parallel form, or L
whether it will be a beam splitting cube. The precautions to be taken in

- order to obtain reproducible results when objectives are mterchanged are

discussed elsewhere. The reticle system will, of course, move as a unit
with the objective pair, so that alignment will be maintained durmg focus-
ing.

For an exit pupil of 1 mm. diameter, the size of the Airy disc as seen in ,
the focal plane of the eyepiece is approximately .0012 inches in diameter.:
For an exit pupil of 2 mm diameter, if we can achieve this along the lines -
described in the previous section, the corresponding diameter of the Airy

-disc is approximately .0006 inches. ' The size of the Airy disc in the focal

plane of the eyepiece remains constant in size for all magnifications, but
because of the varying degrees of magmflcatmn, it corresponds to dlfferent
diameters in the film plane.

If a pinhole of fixed size were used in the reticle system, without any means‘
of varying its apparent size, then the intervention of the zoom unit between. *

. the reticle system and the eyepiece would cause the apparent size of the

fiducial dot to change. There would, in fact, be an apparent 10:1 variation .

. in size of a fiducial dot which should preferably maintain a- constant
‘apparent size.

We can eliminate this variation in two possible ways. One is to vary ‘the

physical size of the pinhole by making it in the form of an iris diaphrafgm.
The other is to vary the size optically by means of a simple zoom system. _
The situation is further complicated by the stipulated need to vary the size

of spot from the diffraction limited dimensions. to four times this dimension. K

We propose to combine both approaches. The variation through'the lVO'lv
range will be effected by means of-an iris diaphragm. A so-called "dog-—

' ',leg" type of 1ris blade will be used to keep the s1ze of the Jdris openmg a
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linear function of the rotati on of the control ring. The 4:1 variation in. , - -
spot size will be effected by a small optically compensated zoom lens. '

The variation in spot shape, so that a circular spot is obtained even with’
the anamorph’in use, will be effected by a small zoom anamorph using Co
cylinders. The conditions which prevail in the reticle system are such as

to render this feasible. The orientation of the spot will be effected by ro- "
tating the anamorph about the optical axis of the reticle system.

The image produced by the train of optical elements listed above will be :,
formed at the long conjugate focus of a microscope objective operating at

_ a magnification (re reduction) of 20:1. This 20"1 reduction eases the
" tolerance situation considerably. The image formed by the microscope ob-

jective will be located at the focal point of 7.60 inch objective having a
clear aperture of 1 inch, so that a beam of light is produced having the same .
diameter as the maximum beam in the collimated space between the objective
and the zoom lens. The 7.60 inch figure was chosen quite arbitrarily, be-
cause it is the focal length of the lens immediately following the zoom lens,
and because it gives dimensions of the iris diaphragm etc. which are quite
practical. It will be subject to change during the course of detailed design.

The requirement that when the reticle image is larger than the diffraction-
limited dimensions, it should have a sharp edge cannot be completely.satis- .

fied., Diffraction will operate to soften the edges of an image which is nomi- . =

nally four times the diameter of the Airy disc, but the necessary care will ~
be taken in the design shapes to correct aberrations so that d1ffract10n w111
be the only factor introducing softness of the image edges. '

A condenser system will be associated with the reticle system, and our pre- "
sent line of thinking is to use a 30 watt lamp (Sylvania BVB 30 watts, run at .
about 95 volts to provide a life of about 500 hours). B

1.1.8 Illuminating System - 'The prime requirement :

~ placed upon the illuminating system is that it shall provide sufficient bright-:

ness that a density difference in the film may be percelved even when a
film density of 3.0 (i.e. a film transmittance of .1%) cuts down the level of = .7
illumination. Conversely for a clear film, with a density of 0.0, the illumi-
nation level of the field must be cut back so that the eye is not saturated.

Extensive work has been reported by Blackwell (J.O.S.A. 53, January, 1963, s
p. 129-161) on the threshold of detectivity at various brightness levels. From '
this it emerges that if the brightness level exceeds about 10 ft. lamberts, then

dB/B or dD is constant. : B .

The black body brightness of tungsten is given as 42.2 candles per square °
millimeter at a temperature of 3500, and 12,15 candles per square milli- -
meter at 3000K. It is proposed' for this project that we use the lower
temperature in order to obtain a longer lamp hfe and that the 3500 K color

kS »
2 o
[ . . . * e
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= temperature be .created by a weak blue filter. For coiled-coil filaments, -

- it is recommended by the General Electric Company that a conservative: B
P - figure for brightness be used which is 10% of the figure quoted. For - L e
o

conversion purposes 1 candle for brightness be used which is 10% of the
figure quoted. For conversion purposes 1 candle per square metre is equal . .

)

- of a coiled-coil tungsten filament lamp may be taken as .1 x 12,15 x: 106 X
. .2919, or 3.55 x 105 foot lamberts. If we utilize an optical system in . -
“which we are effectively looking at such a source, with its brlghtness ‘
~modulated, for different angles of viewing, by the transparency to be ex-
" amined, then this would be the maximum image brlghtness. Even if this"
" level of illumination is attenuated by a transparency with a density of 3, -
and if the transmission of the system is 20%, then the apparent brightness '

~ . is still 71 foot lamberts. This will be further reduced, in effectiveness,

- b ecause of the fact that the exit pupil of the instrument is only 1 mm. in g e
diameter, whereas the normal diameter of the pupil of the eye is 4 mm. The : "'

no resultant effective brightness, under these conditions, is approximately

L - " 4.5 foot lamberts. This is within the region where the density difference

' -of .05 may be perceived. »

‘u - It will be important that, with the condenser system used, light from every .

A  point in the field of view on the transparency fills the entrance pupil of the ' . :
- " objective in use. A Kohler type of condenser will therefore be used. How~ : "5 " .
s ever, in order to cover the proper field on the transparency, it will also be .

‘. necessary to use a zoom condenser: otherw1se an undue amount of heat will -

m: "~ be thrown on to the transparency. -
: ~ We propose to use as a l1ght source, a Sylvania High Silica Halogen lamp,
B . Type No. ASA #FBV, with a voltage of 30 v. and 250 watts. The nominal
L . - filament area of this lamp is .140 X .160 inches. The filament will be 1maged
. ., on to an aperture stop, having a metal hole .075 inches in diameter. This -
m " aperture stop will be the virtual source which will be picked up by the zoom
s condenser system. In the course of the design effort, we will seek to obtain
data which will permit the use of Type No. ASA. #FBT with 30 volts and 150
.f"“ watts , and a filament area of .140 X .110 inches. The determining factor
=h will be whether the filament image of the lower wattage lamp will fill the
— .075 inch aperture stop without a lamp adjustment. Our aim will be to use

a lamp which can be readily replaced from stock without the need for adjust-
ments in the illuminating system. These lamps are rated at 6 hours of life

" at full voltage, with a color temperature of 3400%K. By dropping the voltage
to 75% of the rated voltage, the color temperature will drop to 3100°K but
the life will mcrease to 300 hours. <

f

©

These lamps have very compact filament structures, and the fllarnent Cor

rather the aperture stop onto Wthh the filament is 1maged will be 1maged
. : on the film plane by the ‘zoom: Kohler condenser. IRPI :;'-;-; Lo e
- - B - "‘ ' B . AN ' L B . . LW |
M i v
v o : _ R ’ S _ Ty ;,{}f.{ﬁ;.‘ .
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= No particular problems are envisioned in the design of this zoom con-,

denser since the quality of imagery is of a lower order of magnitude than

that required for the zoom lens in the viewing system. We propose to

use a 12:1 zoom lens in the condenser system to give enough overfill to L
eliminate the need for excessively critical adjustments between the 111um1--" S
nating system and the viewing system, C

N T

" Cold mirrors, of the type made by L.O.F., O.C.L.I.,on by Bausch and
Lomb will be used either to bend the light path in the condenser or as -
‘normal-incidence filters, in order to remove all infra-red radiation beyond . )
700 milli-microns for the incident beam of radiant energy. Heat absorbing = . =
~ glass will be used to raise the apparent color temperature. This means that
there will be a negligible heat rise in the transparent areas of the film. In
areas of black and white film with a finite density there is a conversion of.
" radiant energy into thermal energy because of the black-body absorption
by the silver grains. This is unavoidable. An adequate cooling of such
~ film areas by black-body radiation will require an excessive temperature }
rise of the film over ambient temperature, particularly when the zoom con- *
denser unit is concentrating light for the higher degrees of magnification. .
Provision will therefore be made to direct a cooling air blast at the film .
area under examination. In the course of the design, we will also examine -
the practicality of using an air-blast which is cooled below ambient by
thermo -electric effects. (We are familiar with systems in which this has
already been successfully utilized. )

P I TS B e )

3.2 U3

C 3

A beam splitter which follows the image rotator will take light from the beam” =
for an image dissector tube and for a brightness control system. The part
of the light which is directed towards the brightness control system will be

" brought to a constant size light patch on an R.C.A. photomultiplier tube
which has zero fatigue. The output of this cell will be used, by means of o
an electronic system to be supplied| =~ [to control the movement of = STAT
two contra-rotating neutral density discs located near the plane of focus o '
of the filament image. These discs will be formed by the evaporation of
Inconel. '

bl

L2 3

7.

These also we have used successfully in previous systems with automatic
exposure control for vidicon use. We chose this method of alternatmg the
brightness, in preference to more conventional means, because it gives-an L
extended range of of controlled brightness that is not. readlly achieved with L
an iris, and, more importantly, it does not upset the pupil conditions whlch A

" are needed in order to achieve the stipulated resolutlon goals. L

N

€3

The 1amps themselves will be outside the base structure and light w111 be -

relayed in through openmgs in the base structure to the under51de of the :
film plane, o

Ea

¢
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In view of the large number of air-glass surfaces in the system we propose
to use multilayer high efficiency coatings on these surfaces, of the type
supplied by O.C,L.I. These will have a maximum transmission between
520 and 620 millimicrons. Detailed overall transmission curves will be
worked out in the course of the design. '

1.1.9 Design Technigues - 'No unusual de-
sign techniques are called for in this proposal. The techniques which are
required, including those involved in zoom lens and anamorph design, may
be regarded as standard tools in the equipment of any modern design group.

Electronic computers will be used, in particular G-E Time Sharing, Com-
Share (SDS940) Time-Sharing, IBM1130 and IBM7094 (Service Bureau com-
puters.) Standard ray-tracing, 3rd order and 5th order calculations are
carried out with programs which we have written.

. Spot diagrams as such are not printed out, but they are used as an inter-

mediate step in a good approximation to the diffraction limited response.
This technique, which was proposed independently by Cox and by Miyamoto,
relies upon the use of the first term in the Taylor-series expansion of the
wave-front contour, and can be shown to be equivalent to the spot diagram
approach plus an additional exclusion principle to restrict the contributing.
pupil areas. This method was outlined by Miyamoto in Tokyo in September, .
1964, and by Cox in "A System of Optical Design". o o

One point which merits special attention is the matter of tolerance analysis.

The variations in performance which result from tolerances on components
fall into two categories. In the first of these categories perfect rotational
symmetry of the system is retained, but there are variations in thicknesses
and separations, in refractive indices and dispersions, and to a lesser
extent in curve radii and asphericity of nominally spherical surfaces. In
the second category are the effects due to decentration and to irregularity
in surface figure, in particular to the effects of cylindrical power.,

In each category we have to distinguish two separate effects. The first of
these is a physical displacement of the image, so-called image wander.
The second effect is the degradation in image quality.

The treatment of the first of these categories is straight forward., The effects
on the aberrational correction of parameter changes are established by ray-
tracing. Those combinations which produce the maximum effects, correspond-
ing to permissible changes of the parameters of the system, for the axis of
the system and for points at the zone and at the margin of the field, are used
to determine the effect upon frequency responee. At this stage, also, .those
combinations of thickness and separation changes are investigated but
laborious process. (It is custamarily followed in high volume productioq

]

: . - 13 =- ‘ ' S
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" is determined by ray-tracing through weakly decentered surfaces. The
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where the proper use of tolerances may have a significant influence on;‘ f
- tooling costs and piece-part-production costs). The effects of decen- .. ' -

tration and surface figure, requlre an extension of optical theory along.
the lines developed by Marechal and by Cox_ (A System of Optical De-:
sign). The types of decentration aberrat1on are primarily coma on axis,

and an elliptical (astigmatic) light patch at points in the field. The

amount of each aberration which results from decentration of any surface =

effects of any prescribed amount of aberration are determined by 1ntroduc—
ing suitable terms into the MTF calculation, soO that the maximum pers
missible amount of aberration is determined, in terms of its effects upon

~resolution. From this analysis we determine the maximum permissible *

amounts of decentration, and. this indicates the tolerances on p1ece parts _ !

“as well as the type of the mount des1gn.

. The extensive use of electronic computers enables a much more thorou_gh
. tolerance, analysis to be made than would have been possible in earlier
years., » v :

1.2 Mechanical Design Concept - The mounting of opti—; o ’
cal elements, in order to achieve the full potentialities of a design, is

. an art which calls for a higher degree of skill and experience than is
- generally realized. It is in fact, more of an art than a science. Elements
- must be firmly restrained without being strained, and the mount or cell

design must minimize decentration without requiring unduly high tolerances.
These remarks hold true for both lenses, prisms and mirrors. :

From the optical design discussion, it can be seen that the system can be.
broken down into four major module assemblies. It is planned to design

‘these modules so that each can be pre-aligned and tested before assembly 3

in the main structure. Each assembly will include the necessary motors,
drives, potentiometers and the electronic components, so that after mount-::

ing into the main structure it can be plugged into the main wiring harness. -

The mounting method will be such that alignment into the final system will
be simplified as much as possible, and the ahgnment maintained in the en-
vironmental cond1t1ons specified. '

1.2.1 Objective, Reticle and Zoom Module (left
and right hand) - will comprise the two objective_.lenses, beam splitter,
zoom lens and reticle assembly.

Each objective cell will be mounted as a unit or sub-assembly, into a y
carriage which will be indexed in a repeatable fashion very accurately from
one position to the other. The positioning design will use the twin serrated
disc technique (poker chip type) to achieve the accuracy required. -The two
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objectives will be parfocalized, and the pointing error corrected with the .-
objectives mounted in their carriage using the optical adjustments pro- :
vided. A reversible drive will be provided on the carriage for indexing,-

which will require the addition of a selector switch at the console table .

The carriage will contain the beam splitter mounted as a sub—assembly S o

with provision for adjustment, and the reticle assembly. Focussing '~
will be effected by moving this carriage as a module on ground and D
lapped ways relative to the framework of the complete system, so that
image wander due to the focusmg action will be held w1th1n the stlpu-
lated limits.

“

The reticle sub-assembly will require the following actlons to take place

. within the assembly.

a. Closing down of the iris through a 10/1 range in
synchronism with operation of the zoom.

b. Choice of spot size through 4/1 range by means of
a zoom unit.

c. Choice of spot shape and orientation through an ana- .
morph unit.

Output shafts with motors and suitable signal generators attached will be
provided for each of these operations. The exact form of these generators
will .be decided upon during the design program in conjunction\ \
Preliminary calculations indicate that by holding close, but practical,
tolerances, we should be able to secure the low reticle image wander re-

_quired, without building any special adjustment into the reticle system.

This tolerance situation will be subject to detailed analysis during the
course of the design., If it appears that adequate tolerances cannot be
held, then provisions for adjustment will be incorporated. An adjustment « |
will be provided to permit tilting to align the axis with the beam splitter

and objectives, ’

The zoom lens in the viewing system requires two units to move in a pre-
cisely controlled relationship. The first of these is the inner negative .
component, which moves through a distance of 2.73 inches, and the .
second is the rear positive member which moves through a distance of .27 .~
inches. With the zoom lens in the high magnification position, an error

of .001 inches in obtaining a repeatable separation between the two mov- '
ing elements will cause a shift in the focal plane of the object (1.2 inch"
focal length) of .0001" divided by 110. In the low magnification end of '

- the zoom travel the shift is .010 divided by 11 inches, and in the inter-

mediate range it is .001 divided by 11 inches. . For the 2.4 inch objective

A b

~STAT
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the shift is four times as great. The depths of field at the low magnifica-
tion end of the zoom range are quite large because the apertures are of the ‘
order of 5/12, in comparison with the high magnification end where the
objective apertures are f/1.2 and f/2.4 for the two objectives. On the

basis of diffraction theory the depth of field at an objective aperture of

£/1.2 is approximately .000] inches, while at /12 the diffraction "
limited depths of field is .01 inches. (These are the total depths of '
field, not the plus or minus values). It then appears that an.error in rela-
tive position of .005 inches will not result in a shift of focal plane through
more than one half of the diffraction limited depth of.field. This amount of -
shift may be achieved with mechanically controlled movements only, by
driving the two lens carriers with one helical and one non-linear cam.

(3 €3 X3 3 ©3

At the present time, however, we do not wish to pre~empt all of the avail-"

‘l'"l: able tolerances for permissible errors in the relevant movements of the zoom
\ elements. TFor this reason we will also examine the possibilities of an

electronic feedback system which will control the movement of the central }
IR . ‘ot . . ' :
| negative and the rear positive components, and which will be capable of - |
|\

ready alteration to accommodate residual focal plane shifts due to the
accumulation of tolerances on component parts. '

3

As far as the mounting of elements in the zoom system is concerned,there
are two main directions of approach, rod mountings and sleeve mountings, :
Sleeve mounting is the construction employed in most 8 mm and 16 mm o
zoom lenses. Elements are mounted in cells which move under cam con-. - i
trol, in the metal sleeves of the lens mount. When greater precision is
required, and where image wander is a matter of major concern, the cells
containing the elements are placed in saddles which move along accurately"
ground rods, without any rotation of the elements. The mechanical loca- -
tion of components is more accurate with this type of mounting, in parti--
cular, as far-as repeatability of positioning is concerned. This is the

type of construction which we propose to use, whether the movement of

the cells is effected purely by mechanical means or by means of a servo
system, ' -

e T e I s B e R

It is probable that, in spite of tight tolerances, there will be a small image
shift as the lens is zoomed. Since motion without rotation has been postu-
lated, this image movement may be largely eliminated by tilting the axis

of the zoom unit, and provision for this will be made in the design. :

|

The zoom lens module will be mounted to a carriage containing the drive

motors and the mating ways, for focusing the objective/reticle assembly.’ -

The main carriage will then be mounted to the  [structure, through ~ ~ STAT
- a three point suspension system to permit ease of final alignment. o

0

Provision for cooling of the film area under observation will be required as * :
discussed in Paragraph 1.1.8. The desian of this system will be included .
with this module, but will mount to the structure independently. . - ¢ STAT

Lor,
T

B T

B [
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1.2.2 Anamorph & Image Rotator Module (left and
right hand) - ‘will comprise the variable anamorph, image rotator, beam ‘
splitters for the image dissector tube and exposure control. Each unit will .
be designed as a sub-assembly which will be mounted to a carriage with .
provision for adjustments. The carriage will contain the necessary motors

‘and drives required for movement of the various functions. The complete

pre-aligned unit will mount into thez structure with provision for ad- '

justment with the optics train, and plug into the main harness ;

1.2.3 , Eyepiece Module - will comprise the eye—4;> 3

pieces, relay lenses and prism switching module. The eyepieces will be

designed to meet the requirements of interpupillary adjustment of 50 to 75, .

millimeters, sight angle of 150, independent and continuous adJustment of

-one eyepiece through £10 vertically and independent focusing. The eye-
piece cells will mount to a structure containing the beam splitting prisms

— Declassified in Part - Sanitized Copy Apbroved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6 _
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and mode switching prism assemblies. It is tentatively proposed that the - '

- mode switching be done manually by two control levers on the underside of

the eyepiece module. If control is required from the main panel, motor |
drives can be included, but this is not recommended as manual operation

at the eyepieces would be a more natural function, and the added complex1ty
is not justified. The complete module assembly will mount to the center -
pedestal with adjustments provided for final alignment with the remamder

. of the optical tram.‘

1.2.4 Illumination System Module (right & left

A hand) - This assembly will comprise the lamp with cooling fan, zoom con-

denser, cold mirrors for bending the light path, and heat absorbing glass to-
raise the color temperature. The system will be designed to mount horizon-
tally under the base structure with mirrors to bend the light path to fit within

" the physical hmlts and to brmg the light through the base to ‘the under51de

of the film plane.

1.2.5 General - The position of the 2-relay lenses
will not be finalized until the optical system design is partially complete.

These lens assemblies will be included in whichever major module assembly -

~'is mot convenient, once their position is established.

The mirror or prism used to bend the light beam between the zoom lens and .
the. anamorph could either be a separate module, with provision for adJust—

“ment, mounted in thez structure, or become part of the anamorph- _
image rotation major module. This will be decided during the course of the N

optical layout.

" The design techniques used throughout, will be aimed at producing a system

which can be fabricated, pre-assembled and major modules pre-aligned-be-
fore assembly into the final system. Interfacing problems will then be mini-
mized and final alignment kept comparatively simple, with individual optical
component adjustment eliminafted in the final alignment procedure.

STAT
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1.2.6 Manufacturing Drawings - .A complete set of
manufacturing drawings will be supplied, including parts lists, schematics,
and specification drawings. These will be made on eithe*

whichever is preferred.

1.2.7 Test and Inspection Data - Sufflclent informa=-
tion will be supplied so that the required alignment and certlflcatlon can be
obtained for the fabrication phase.

1.2.8 Breadboards and Mock-ups - It is estimated

“that the only breadboards or mock-ups required, will be of the beam splitter

switching system. for which shop time is budgeted.

1.2.9 Technical Direction Meetings -~ . fft is esti-
mated that three meetings will be required, and will be tentatively set for
2, 4, and 6 months after the start of the program.

1.2.10 Progress Reports - Progress reports will be
submitted monthly, and include the mformatlon listed in Paragraph 7 of the
Schedule of Deliverable Items.

1.2.11 Briefing Material - This material will be
presented as requested.

1.2.12 Fabrication Cost Estimate - A preliminary
fabrication cost estimate will be made after a six month period, and a
detailed Fixed Price Cost Estimate will be supplied when the final detailed
drawings are completed. '

1.2.13 . Electrical Design - S will supply the
electrical design, but considerable interface details will require to be re-
solved. We are therefore budgeting time for an electrical engineer to
work on the details of drives, switching and wiring requirements.

2.0 TASK DESCRIPTION

The program will be directed by the Project Manager who w1ll be respon51b1e
for the overall design effort and llalson\ \

Staff ‘Consultant,will have the responsibility for the complete opti-
cal design. Under his direction. ‘ ‘w1ll be responsible for the
detail design of the zoom lens, both objective lenses and the iris diaphragm.
He will also act in a consultant capacity for the reticle zoom and anamorph
design. \personnel will work on all the remaining tasks.

The program will then be broken down into these phases: . '

k -18 - . ,
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Optical System and detail design.

- Objective and Zoom Assembly
Anamorph and Image Rotation Assembly
Eyepiece Assembly
Illumination Assembly

-

-3

gram. This allocation of design effort will enable us to complete the
program within the schedule discussed in the following'paragtjaph o

3.0 SCHEDULE | ~ R

After thoroughly reviewing the detailed requlrements of thls program, the

six month delivery date requested does not appear feasible. The design. -
effort involved is considerable, both for optical and mechanical. It is.

estimated that approximately seven hundred drawings will be r'equired‘." o

We propose, therefore to complete the whole program in eleven months, '
~ and the Schedule of Deliverable items will be as follows:: "

3.1 ~* Preliminary Drawing

System Layout = 2 months L o
Preliminary.Module Layouts - 5 months

3.2 ' Drawings K

‘Complete details of parts lists f,-',lvo—'l/zilmont‘hs. -

3.3 o Test ard Inspection Data
'10 months
3.4 . Detailed Specifications
| 10 months
3.5 'Brea‘dboards and Mock~ups
Eyepiece Beam Splitter - 2 fnooths ‘
3.6 - Technical Direction Meeting '-' <.:3 | |

After 24, 4 and 6 months.

3.7 Progress Reports

‘Morithly

Staff Erfgineer, will direct the design of the eyepiece_ .
beam splitter system, and supply technical assistance throughout the pro--

STAT. .
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3.8 g Briefing Material
10 months

3.9  Fixed Price Cost Estimate . o T

11 months

3.10 Hardware Schedule

11 months

At the end of the six month period, sufficient design and data will be avail-
able to have established all the requirements for system. These will in-
clude physical sizes of individual optic assemblies, module assemblies, .

-mounting methods, and component drive positions so that all maJor mter- -

facing problems are resolved.

4.0 - RELATED BACKGROUND AND EXPERIENCE

\ has a unique background with over sixteen years of
experience, and has developed a high-level capability in designing and
building special photographic and optical instruments and devices. In- .
cluded are audio-visual training aids, special cameras, optical instru-

. mentation and tooling, and audio/video equipment for the television ‘broad-
casting industry. Several photographic and optical instrumentation projects

are illustrated in the following section, and some are briefly descrlbed m
the followmg paragraphs.

TARGET MAP COORDINATE LOCATOR (TMCL)

This device combines several systems to automatically select, retrieve and
project with high resolution, 70 mm slides from 2,000 on two removable -
drums. Slide selection, retr1eva1 projection, and electrostatic print-out
of the image are accomplished in less than 20 seconds. The TMCL is de-
signed to specifically speed the job of retrieving maps and charts from files
and to provide working copies. It drastically reduces storage requirements '

STAT

e.g., sectional maps equivalent to the entire European theater of operatlons .

can be stored within the unit. An X-Y coordinate readout is provided, per-
mitting the measurement of distances for several different map scales.

Other applications, wherever maps, charts, photographs or other information
on slides must be quickly retrieved and studied -~ include uses in engineer-

ing and drafting, land planning and topographical studies, and in medical

use of X-ray films. The electrovstati'c printer was-also specially designeql :

 STAT
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The entire project was designed, developed and manufactured in'our
facilities to MIL specifications. This work was carried out initially = .-
for U. S. Army Engineer Geodesy, Intelligence and Mapping Research . :
* and Development Agency, although the U. S. Navy has also procured '
"and is using this equipment. ' ' . S

€3

OPTICAL ALIGNMENT & CALIBRATION FIXTURES '/

A number of alignment and calibration instruments have been recently = . | o
designed, developed and manufactured by \ inour - STAT

facilities for the XM-50 Gunners Periscope and the XM-51 commanders T

Periscope. These fixtures will be used on a tank production program. :

This work was undertaken on a sub-contract basis for Chrysler Corpora-:

tion. Most of these projects are for one-of-a-king devices intended for -

€3 03 €23

military applications, although several units of each were produced. All -
incorporated an auto-collimator, and in one case, which is illustrated, - -
twin auto-collimators were used. A special 5-inch in diameter collima- L
" tor was required in another illustrated project, which used two reticles, L
(infinity and 600 meters). The optical systems were completely designed &=
NUMERICAL CONTROL SYSTEM . TR
This will illustrate electronic capability which - STAT:
may be utilized in systems design. e
Under the direction of Project Manager~Electronics| | STAT.
electronics group regently completed the development of a proto-' STAT
- type of the "Cybermat" numerial control system for\ r . STAT:
. ‘ ‘ Cybermat systems will be marketed,by‘ Fas part : :SSTAT

of their numerically controlled tube bending machines. Built with solid

state components including integrated circuits, Cybermat commands all
" machine and part shape movements, features a memory system which accepts. . -

data from alternate input media, then produces part shapes without continu=- . o
. ous reference to a tape or other data. A tape punch is available to record R

new or modified programs from the control memory. A typical circuit board - - S

is illustrated in the photographs following. ... . A Lt

.
L
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0010012-6 Fretision

BUDGET STATUS REPORT FOR WEEK ENDING Original Proposal TITLE ___STAT
May 5, 1967 ' - SIAI
ToraL fFoRr WK.| ToTAL 70 DATE BubGeT Rate/
W.0.# DESCRIPTION HRS. | MAT. [HRs. | uaT. | mrs. | wuar, | HOUR
Optical Design for Ultra~-High Precision STAT
5640.0 Comparator
5640.1 } Project Manager
5640.2 | Project Administrator
5640,3 | Staff Engineer
5640.4 | Electrical Engineer
5640.5 | Optical Design & System Layout
5640, 6 | Design-Objective -Reticle Module
5640.7 | Drafting
5640.8 { Design - Anamorph-Image Rotator Module 7
5 640 .9 1 Drafting
5640.10 Desigri- Eyepiece Module
5640,11 Drafting
5640.17 Design-Illumination System Module
5640.13 Drafting . £
5640.14 Checking ED
5640,15 Mock-up Fabrication Z
5640.16 Cost Estimate .
, >
5640.R | Reproduction Allowance 3
-5640.T | Travel Allowance
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SCHEDULE FOR W, O, NO,_ 5640 TITLE___ Optical Design for Ultra-High Precision Comparator "
' STAT
May 5, 1967 { S1Al
SCHEDULED MONTHS
W.0L# I 2 |3 1% 1516t 71819l lmlis]ie]ir]is
Month . R :
Starting
5640.1 100 |100 [100 {100 § 1001{ 100 {100 | 100 {100 {100 60
5640.2 40 40 | 40 | 40 40 40 | 40 | 40 | 40 | 40 40
5640.3 40 80 | 80 | 40 401 40 | 40 | 40 | 40 | -= | --
5640,4 20| 40| 40| 20 20 | 20
5640.5 | -----160 |160 | 160 | 160 | 160 | 160 | 160 {160 | 80 (OPTICAL DESIGN[
5640.6 100 {120 | 120100 | 100
5640,7 160 | 160 {100
\
5640, 8 109 |170 {170 [170 {120 { 80 | 40
\ N
5640.9 NE 100 | 200 | 160 | 60
5640.10 80 |160 160 160 | 20
5640,11 80 |160 | 80
5640,12 80 160 | 160 [160 60
5640.13 80 | 160 |160 | 40
5640.14 160 |160 | 160 §
5640.15 80 )
: g
5640.16 100 {120 ¥
o
[e)]
S
o
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INTENSITY

RESPONSE OF A OVERALL RESPONSE LIGHT SOURCE
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OPTICAL RESPONSE CURVES
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A FILM CHIP STORAGE,
RETRIEVAL, DISPLAY, AND
PRINT-OUT SYSTEM FOR MAPS,
CHARTS, AND PHOTOGRAPHS

STAT
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A FILM CHIP STORAGE,
RETRIEVAL, DISPLAY,
AND PRINT-OUT SYSTEM
FOR MAPS, CHARTS,

AND PHOTOGRAPHS

Reduces map, chart, and phOtO storage require- The operator enters desired slide number on a 30-button keyboard. Slide is M
. rapidly retrieved and displayed on a 32-inch display screen. Brightness, focus
ments; speeds retrieval. and image rotation controls are also readily accessible to the operator. =]

Automatically selects and projects any 70 mm.
slide from 2,000 stored on two removable drums.

r 3

Additional 1,000-slide drums can be pre-loaded
and stored separately.

t 3

Has 32-inch display screen with brightness, focus,
and image rotation controls.

r 3

Variable position crosswires pinpoint coordinates,
provide six-digit readout.

Plastic overlay screen permits handwritten over-
lays on projected image.

10-second electrostatic printing of image, with or
without overlay; produces 2214 x 29-inch copy.

a3 ¢33 3

[% 4

Modular sub-system design permits swift removal
and replacement of components for repairs.

[

Solid-state circuitry resists shock and tempera-
ture extremes.

€3

The TMLC's electrostatic printing system produces a 2214 x 29-inch black-and-
white copy of projected image in 10 seconds, with or without overlay informa- )
tion. Copy emerges from left side of the TMCL.

-

[ S
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In a single unit, the TMCL combines systems for storing, selecting, displaying, and copying
maps, charts, photographs and other information stored on 70 mm. slides. At the same
time, the TMCL extracts coordinates on projected maps in accordance with universal
transverse mercator coordinates.

The TMCL is designed specifically to speed the job of retrieving maps and charts from
files and providing working copies. It drastically reduces storage requirements; sectional
maps equivalent to the entire European theater of operations can be stored within the unit.

Developed for the U. S. Army Engineer Geodesy, Intelligence and Mapping Research and
Development Agency, the TMCL has applications wherever maps, charts, and photographs
must be quickly retrieved and studied—including uses in engineering and drafting, land
planning and topographical studies, and in medical use of X-ray films.

The TMCL is built to withstand a variety of severe environmental conditions, including
combat situations. It is housed in a caster-mounted cabinet for stationary use, or can

be used in a van for maximum mobility.

Slide Storage. Steel-framed 70 mm. slides
of raaps or charts are stored in two 1,000-
slide drums within the TMCL. One drum is
in viewing position for slide selection. The
second drum is on stand-by and can be
automatically indexed into viewing posi-
tion. Other pre-loaded slide drums can be
stored separately.

1,000-slide drum can be quickly removed,
interchanged with other pre-loaded drums.

l_.ﬁ-, -

Slide Selection. To select and project a
slide, the operator enters the desired slide
number on a 30-button keyboard. A high-
speed, 200-step-per-second synchronous
motor indexes the drum to the desired film
position; the map slide is extracted and
transferred into the optical system.

Image Display. The selected slide is pro-
jected onto a 32-inch square display
screen. Brightness and focus of the image
are operator-controlled. A rotation control
permits squaring up the image on the
screen or rotating the slide to any angle
up to 100 degrees from its normal storage
position.

A'light shield built into the cabinet can be
extended to screen out overhead lighting.
The display screen itself is mounted in-a
frame which swings out for access to the
rear of the screen and to the interior of
the cabinet for cleaning the optical system
and servicing.

L—b—w‘ I

Drum in viewing position is ready for se-
lection and projection of slides.

Coordinate System. Two variable position
crosswires behind the display screen are

The operator controls the positioning of
the wires separately or together to any
intersecting point on the screen.

A six-digit readout for each crosswire may

visible when a slide is being projected. -

be set by the operator to any number. As
the crosswires are moved, the distance in
meters is electrically added to or sub-
tracted from the readout.

In this way, the coordinates of any point
on a projected map may be determined,
or the north-south and east-west distances
between two points measured.

Controls permit the operator to pre-set the
coordinate system for the scale of map
being projected.

Electrostatic Printing. Built into the TMCL
is an electrostatic printer which can be
actuated to produce a 2215, x 29-inch
black-and-white copy of the slide on dis-
play. Controls determine and set exposure
time. Additional copies can be made of the
same- slide simply by repeating the print-
ing cycle. Copies emerge ready to use from
the left side of the TMCL.

The electrostatic printer makes it unnec-
essary to maintain bulky files of full-size
maps and charts. Fresh copies can be
printed as needed from slides stored in
the TMCL.

Overlay Screen. A transparent plastic over-
lay screen is stored within the electrostatic
printing system of the TMCL. To make over-
lays, the operator slides the overlay screen
out of the printer, slips it into place over
the display screen, and makes whatever
overlay notations are needed.

The overlay screen is then re-inserted into
the electrostatic printer. When the printer
is actuated, the overlay notations are re-
produced along with the image of the slide
on display.

COORDINATE

DRIVE

v E

|
pl
4-")-»

eermiice
CAWDIATE
Ly

NORTHING Y

-

— cn
(G

EASTING

¢ Ciyace roTATION
L. | & (-
COMBINATE AWOMETERS
X RESET ‘ Y
o f2 L‘

TMCL Drum Loader facilitates precise
loading of 70 mm. framed slides in stor-
age drum.

Joystick control on coordinate drive panel positions image crosswires separately or together. Readouts
display coordinate positions, automatically changing as the crosswires are moved.
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TARGET MAP COORDINATE LOCATOR PROJECTION SYSTEM SCHEMATIC

ELECTROSTATIC SWINGS FORWARD PROJECTION FIELD PROJECTION
COPIER PLATEN FOR PRINTING LENS ASSEMBLY 70mm SLIDE LENS T LAMP

!
;
|
|
b

\ FOCAL PLANE FOCAL PLANE LAMP
PRESSURE PRESSURE CONDENSER REFLECTING
DISPLAY SCREEN GLASS (FRONT) GLASS (REAR) LENS MIRROR

SPECIFICATIONS

Dimensions: Width, 59 inches; depth, 35 inches; height, 72 inches.
Slide Capacity: 2 drums of 1,000 slides each.
Stide Dimensions: 70 mm. x 100 mm.

Slide Selection and Extraction: Extraction time—5 seconds maximum. Replace-
ment time—2Y2 seconds maximum. Time required to replace slide on
view with new slide (500 positions away)—9 seconds maximum.

Displayed Image Size: 22%2 x 30 inches maximum. o

Display Image Rotation: 100 degrees maximum.

Display Screen: Brightness—15 foot-lamberts at any point within 25% maxi-

mum overall deviation. Size—32% x 32Y2 inches. Resolution—capable

of minimum resolution of 10 lines/mm. on axis and 6.5 lines/mm. at
edge of field in projected image.

Coordinate Reading: Total accumulative error of less than 0.155 mm. (0.007

inches) at any map scale. Readout can be set to following map scales:
1/25,000; 1/50,000; 1/100,000; 1/250,000. H

Crosswire Traverse: 12 seconds maximum for full traverse.

Electrostatic Copier: Projected light on the platen has overall deviation of —
5% maximum. Copy processing time—30 seconds.

Print Paper Capacity: 6.5 inches diameter roll, 22%4 inches wide, 300 copy
capacity.

Radio Interference Suppression: Conforms with MIL-S-11748. 1

fe—— 35 ———» = 59
Shipping Weight: 2,860 pounds.

b |

£

3

-3

STAT
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" - Chrysler Airtemp
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Creative 8nqineerlnq for gnJusfry

MOBILE TELEVISION A compact mobile television control room designed

CONTROL ROOM and fabricated in cooperSTAT
with an electronic manufacturer's representative for
WFLD-TV, Chicago. This mobile unit easily passes
through any normal door and can be transported in a
standard-sized station wagon. It requires only one
operator, yet provides full recording of television
programs. This development is only one of STAT |

accomplishments in the audio/video engineerSTAT

field during its many years of experience.
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RECORDING. CAMERA
FOR F107 AIRCRAFT
This 16mm'_Re'cording‘,Ca.rr'1ve1"a ,
was developed and prototypes -

fabricated by Pollak and Skan, - -

Inc., engineers for use with a

Universal Sight Head. Equipped.

with an automatic exposure
control device, the camera is
designed to provide maximum
reliability and a minimum size
and weight. Operating at 32 A
frames per second, the camera -
does not require thepilot's atten-
tion at any time in flight. The
£/2.5 lens has a focal length of
25mm. The camera is equipped

with a removable magazine with .

a capacity of 100 feet of film and

contains a film footage indicator, . '

magazine heater and thermostat.
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These photos reveal the intricacy of the
equipment

=  SPECIAL CAMERA DEVICE FOR TESTING AERIAL CAMERA LENSES

designed and fabricated this unusual device for production
testing ‘of aerial comera lenses. Normally, this process is very time con-

' ~ suming. With this automatic device, which photographically recprds the

) test data, lenses can be checked quickly and accurately. Included in this
testing equipment are a number of important components; a parabolic

mirror-type collimator, electronic flash unit, nodal slide for the lens ‘and

film holders, automatic recording camera, ‘alignment telescope, microscope

slide and remote control panel. This complex testing device indicates the

industrial and military engineering problems.

i
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A TUBE BENDING MACHINE -
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Model shop facilities
are complete. . .here
is a partial view

(-
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Part of the drafting
room facilities at .
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OPTICAL SPECIFICATION NO, ?
Ref: 0S-2-302-15/18
JOB 30?2 April 5, 1967

DESIGN SPECIFICATIONS FOR THE OPTICAL SYSTEM

FOR AN ULTRA-HIGH PRECISION STEREO COMPARATOR

1.0 Introduction

This specification covers the performance requirements for the
detailed design of the optical system for a binocular microscope high
precision stereo comparator, Note that the feasibility of the optical
system has already been established and that the actual working equip-
ment will be fabricated through a follow-on procurement.

The optical design effort must concern itself not only with the
optical specifications of the system, sub-systems and components but
with tolerances on the optical element figure and location. Addi-
tionally, the design effort must include the mechanical components
directly related to the optics and must consider the practicability of the
design to be fabricated. Further, the design effort much include an
estimate of a fabrication cost and delivery time.

The end product of this design effort will be the completed
detailed design of the optical elements including the necessary drawings,
specifications, and test requirements to effect the follow-on procurement.

One possible configuration of the optical elements as related to

the stereo comparator instrument as a whole is shown STAT
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STAT

drawing No. E-4123. A photograph of the mock-up of the

instrument is included for reference purposes.

It is desired that the vendor exercise maximum ingenuity in
developing the required optical system., While the system described in
the specifications is believed to be workable, it is possible that indi-
vidual designers may prefer to place the components in a different order
or perhaps may have different concepts for the detailed design of the
various individual components. In order to accommodate the maximum
degree of initiative on the part of the optical designer it is planned to
provide for maximum flexibility in the interfacing elements.

Note that it is essential that the design prepared by the vendor be
within the state-of-the-art fabrication.

The stereo comparator instrument is being designed at the pur-
chaser's facility concurrently with the optical design effort. Thus
frequent communication will be required between the purchaser and the
vendor to be sure that there are no interfacing problems.

The goal of the design effort is to produce a detailed optical design
which is sufficiently complete that no further design effort is required

before the fabrication of the optical and associated hardware.
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2.0 Concept

The high precision stereo comparator is an instrument for
automatically providing stereo viewing from a dissimilar geometrically
stereo pair of photographs. These photographs are in the form of film
negatives transparencies or positives. The purpose of the optical
system is to optically transform the two differing photographic views
and make them compatible for stereo viewing. The various elements
of the optical train will be operated through servo motors and a scanning
system to provide the transformed views to the operator of the instrument.
Each photograph will be mounted on a movable stage between which
sits the operator at a control console.

The horizontal separation of the centers of the two stages is 75
inches and they are 16 3/4 inches below the operators eye level, Two
equivalent, but of opposite hand mechanically, optical systems, (one
for each stage) bring the images of the film to the center of the console
and present them to the operator. The images are observed through

binocular microscope eye pieces,
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3.0 Scope

The optical design effort is to include the detailed design of an
optical system compatible with the requirements of the ultra high
precision stereo comparator. In addition to the complete detail design
of the optical elements it will be necessary to provide system ray traces
illustrating the various parametric values, aberration data, spot size of
MTF data, detail and assembly drawings, calculations and other pertinent
data required by the purchaser. In addition, test and inspection data
and any other pertinent information will be required from which, at a
later date the optical hardware can be fabricated, assembled, tested

and used as part of an operating stereo comparator.

4,0 Deliverable I[tems

Twelve copies of all documents prepared as part of the optical
design effort are to be delivered to the purchaser. This includes, but
is not limited to the items described under Section 3.0 Scope and the
attached schedule of deliverable items.

Part of the design effort must include the preparation of a cost
estimate for the fabrication of the optical hardware, together with an

estimate of the time schedule required to build the system.
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5.0 Schedule

The total time schedule for the preparation, processing of
design proposal, and for the performance of the optical design effort
provides from eight to nine months.

5.1 The technical proposal and the price quotation for the
optical design effort is to be delivered as stated in the
attached proposal schedule. The proposal may be in
outline form but must include a detailed discussion of any
design problem areas. A non-detailed discussion of the
overall system proposed should be provided to indicate
the method of attacking the design problem and to show
state-of~the-art familiarity with the various components.

5.2 Upon receipt of the vendor proposals, will respond STAT

within three weeks and will notify technically acceptable
vendors of intention to visit their facility to discuss details
and review capability, or invite vendors to an initial
subcontract discussion, ornotify vendor of reasons for
unacceptability.

5.3 During this period after completion of 5.2 above, any
revisions to the specifications, suggested by the vendor,
will be discussed. These revisions will be incorporated as

part of the firm specification, subject however,z STAT

approval.
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5.4 The detailed optical design is required to be completed in 6

months after award of the contract. Eexpects to work STAT

closely with the contractor during the design effort to in-
sure that there would be no delay due to interfacing

problems or to lack of understanding of the overall

requirements.
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6.0 Design Criteria

The essential criteria in evaluating the various optical design

systems that may be proposed will be the level of optical performance

achieved. Secondary criteria will include the cost of the follow-on
optical hardware, the ability of the optical system to remain in
adjustment during normal use, the cost of the design effort, the
degree of departure from state-of-the-are design concepts and the

timely performance of the design effort.
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7.0 General Optical Requirements

The complete optical system consists of two substantially
identical optical channels, one for each of two stages. One
channel is provided for each eye and views the respective stage
carrying the stereo photographs.

Each optical train consists of the following components:
listed in provisional order. Note that the component arrangement
is not mandatory, however, the system must perform in the
specified manner.

7.0.1 An illuminating system for each stage equipped with a

zoom condensing system,

7.0.2 An objective lens for each stage,

7.0.3 A reticle injecting beam splitter for each stage together
with reticle size, shape, azimuth control, and illumi-
nating optics.

7.0.4 A zoom system with a continuously variable magnifi-
cation range between 1X and 20X for each stage.

7.0.5 A continuously variable anormorphic system giving an
expansion range of 1:1 to 1:2 in any azimuth, for each

stage.
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7.0.6 An image rotating system capable of providing con-
tinuously variable image rotation of 0 to 360 degrees,
for each stage.

7.0.7 Image extraction beam splitters for camera tube readout.
Two cameras for each stage.

7.0.8 A parfocal prismatic section for switching between
four possible viewing modes.

7.0.10 Additional relay lenses, field lenses, stray light
baffles and stops, etc. as required.

There are certain mechanical constraints for the stereo comparator
as a whole, These contraints must be accomodated by the optical

design effort, however, significant departures from the geometry of

the system must be approved Such changes will be given STAT

prime consideration where the optical advantage is high.

7.1 Magnification
The magnification of the overall system is defined as
the angular subtense at the eye of the final image
formed at infinity, divided by the angular subtense of

the object when placed 25 centimeters from the eye,

The magnification must be continuously variable from

200 X. A 10 X eye piece is required and this provides
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that the magnification range for the zoom system be | X
to 20 X. In the event that a 20:1 continuous zoom ratio
is not considered feasible by the optical vendor a step
system would be considered. This system could consist
of al Xto 10 X continuous zoom ratio with a fixed 2 X
magnifier that could be switched in and out of the
optical train. Thus the combination of the fixed
switching lens system and the 10:1 zoom would give

the necessary 20:1 overall zoom ratio.

Note that there is a complicating factor for the
magnification range, introduced by the anamorph system,
when the anamorph is set at 1:2 expansion, then the
maximum magnification attained by the system on

the expanded axis will be 400 X.

7.2 Resolution
The optical system is required to exhibit the highest
resolution capable of practical attainment. When this
is considered and evaluated with the requirements of
the system as a whole, some compromises may have
to be accepted by the purchaser. This situation has

been anticipated and no unreasonable requirements

-10-
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7.

7.

4

have been knowingly specified.

The design goal for resolution will be 80 line pairs
per millimeter at 10X, decreasing linearly to 1000

line pairs per millimeter at 200X,

Consistent with these data the depth of focus must

be maximized.

Eye Piece Angular Field

The total angular field at the eye piece image is to be
at least 40 degrees, relating back to the object field
as a diameter of at least 18 millimeters at a magnifica-

tion of 200X.

Distortion

The final image must be as close to aberration free
as possible, within the resolution limits of the
system. The distortion of the system must be held
to less than 1 percent over the central 90 percent
of the field diameter as seen by the eye at all
magnification settings. Furthermore, the objective
field must be flat to within the photographic depth

of field over the central 70 percent of its diameter

~11-
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for as large a magnification range as possible.

Note that then the anamorphic ratio is set at 2:1,

then the maximum magnification along one axis may

be as high as 400 X.

Under these conditions also, the distortion and

and flatness requirements must be optimized.

Over the balance of the objective field and beyond the
magnification limits specified above, the objective
field must appear flat to the eye within the visual

accomodation range,

7.5 Anamorophic Expansion

The variable anamorphic expansion range of 1:1 to 1:2

must be attainable in any azimuth. It is recognized
that in some systems the anamorphic correction range
of 1:1 may be not exactly attainable. A minimum ratio

within 1 percent of the 1:1 value will be acceptable.

7.6 Reticle
One of the functions of the comparator is to measure

the distance between two points in the film plane.

-12-
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In order to accomplish this, an optical fiducial mark
must be provided in the viewing optics, whose
position relative to the film plane must remain fixed
to within 1/4 of a micron, while adjustments are made
to the zoom, anamorph, image rotator and objective
focusing system. The reticle provides this optical

fiducial mark.

To meet the stability requirement, the reticle forming
optics, its beam splitter and the objective lens system
must be in one rugged mechanical unit. The image of
the reticle as seen by the eye should be variable in
brightness and variable in size from defraction limited
to four times the apparent diameter of the airy disc at

any magnification setting.

The reticle image must be closely circular for all
settings of the anamorph and with constant angular
size for all zoom settings. Note that when the reticle
image is of larger size than in the defraction limited

condition, it must have a sharp edge.

-13-
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7.7 I1lumination
The stereo comparator is arranged for illuminating

the stage (film) from below.

A six inch diameter vertical hole is provided through
all the base structures under the film platen. This
hole is about 22 inches long and terminates in the steel

structure that supports the granite stages.

Access to the lower end of this hole is provided through
a l2" x 12" opening in the top and side of the rectangular

steel structural beam.

The light source can thus be located outside of, under-
neath the granite base structure, while the optical

elements may be installed in the vertical six inch hole,

As the system magnification is varied by either zoom
or anamorphic systems the final image field must
remain at an apparent constant brightness. It is
presumed that the illumination condenser system will

require zoom capability.

The brightness level of the final image must be such

-14-
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7.

that the eye can distinguish a difference between
optical densities in the film differing by units of less

than 0.1 in the range of 0.0 to 3.0.

The color temperature of the light source must exceed

3500°K at all intensity levels.

The light source must be provided with the necessary

means of eliminating heat at the film plane.

The maximum local temperature of a 3.0 density film
must be less than 80C above the ambient air tempera-
ture. To accomplish this, cooling may be recommended
by the vendor at the film plane as well as at the light
source. Additionally infra red filters with cold or hot
mirrors may be required in the optical path as part of

the optical design.

Image Rotator

The image rotator must be compatible with the balance
of the optical system. In addition it must be capable
of providing continuous image rotation through 360

degrees in either direction,

-15-
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7.9 Monitor Beam Splitter
A beam splitting system must be provided in the
optical path between the image rotator and the eye
pieces. This is for the purpose of extracting two
images for scanner readout for each stage. The final
images of the system are thus formed on two vidicon
targets and two image disector tubes adjacent to the

eye pieces.

The beam splitter in each of the main optical paths
removes approximately 10 foot candles of illumination.
This illuminance is divided into approximately 8 foot
candles for the image disector tube and approximately
2 foot candles for the vidicon camera. The real image
presented to the eye piece, which is at least 18
millimeters in diameter, is suitable for the camera

targets.

7.10 Beam Switching
The main optical views presented to the left and right
eye pieces must be arranged for switching between four

modes of operaticn. These modes are as follows:-

-16-
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7.10.1

7.10.2

7.10.3

7.10.4

7.10.5

Both eye pieces must be able to view only

the left hand field, i.e., the image presented
by the left hand stage.

Both eye pieces must be able to view only the
right hand field, i.e., the image presented

by the right hand stage.

Each eye piece must be able to view only a
single field. The left hand eye piece mustview
the image from the left hand stage while the
right hand eye piece views only the image from
the right hand stage.

Each eye piece must be able to view only a
single field. The left hand eye piece must
view the image from the right hand stage while
the right hand eye piece views only the image
from the left hand stage.

The four modes above must be parafocal, the
images presented to each eye must be of equal
apparent brightness. In addition, the images
formed during the four modes above must re-
tain the same rotational sense as the object

field. Further, when the image rotator is in

-17-~
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its 0 set position, i.e., images not rotated,
the left hand edge of each object must be seen
as the left hand edge of the corresponding final
image. Thus the operator would see a right

reading image.

7.11 Eyepieces
The eyepieces must be 10 X magnification and must
be arranged in their supporting assembly so that all
necessary adjustments may be convenient for operator

use,

The requirements must include the following items:-
7.11.1 The interpupillary distance must be continuously
adjustable between 50 and 75 millimeters.

7.11.2 Eye relief must be 20+ 2 millimeters.

7.11. 3 The sight angle of the eyepieces must be
arranged so that the operator is looking down-
wards at an angle of 15 degrees below the
horizontal.

7.11.4 Independent and continuous adjustment of one
eyepiece must be provided over the range

+
- 1 degree vertically. This applies to the

-18-
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sight angle in 7.11.3 above,
7.11 4 The line of sight, axes of the eyepieces must
converge with an included angle of about 5°,
7.11.5 The eyepiece mounts must be provided with

independent focussing.

-19-

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6



Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6

8.0 General Mechanical Requirements
The anticipated arrangement of the sterec comparator as a whole
is shown by the reproduction of the photograph included with these
specifications. The operator is seated approximately at the center of
the machine looking towards the control panel into a pair of eye pieces
at head height. On each side of the operator are the two stages carry-
ing the film and the objectives for the optical system.
8.1 Dimensions
The horizontal separations between the centers of the two
objectives is 75 inches. The binocular eye piece assembly
is located halfway between the two objectives, and the
operator will be seated slightly back from the straight line

joining the two objectives.

The optical path must rise a vertical distance of 24 1/2
inches from the film plane before being reflected towards

the operator.

The eye piece exit pupils are to be located horizontally

9 1/2 inches towards the operator from the center line con-
necting the two objectives. Also the eye piece exit pupils
will be about 8 1/4 inches below the horizontal center line

of the optical system.

The horizontal optical path between the objective lens

systems and the eye pieces does not necessarily have to

-20-~
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8.2
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be a straight line., If additional length is required to

accommodate the necessary optical elements in the hori-
zontal or vertical legs, then the inter-connecting system
may be folded or otherwise extended to provide the longer

optical path. Note that the arrangement selected must be

approved since there may be interfacing problems.

The diameter of the optical path connecting the objective
lenses with the eye pieces should be kept as small as
possible. Three inches diameter has been suggested as
a suitable size. Minimizing this number (but without
compromising the optical design) assists the mechanical
designer in that the supporting structure can be kept

reasonably small and light.

Image Wander

During operational adjustments of the Zoom,Anamorph, Image
Rotator elements etc., the Wandering of the optical axis of
the system should be kept to less than 2 spot diameters of
the diffraction limited reticle spot in the final image. The
reticle injection point has deliberately been kept as close

as possible to the film plane in order to minimize wander
between the reticle and the film object. The maximum allow-
able wander between the reticle image and the film object

position must be less than ¥ 1/4 of a micron. Wander at this

point causes error in the readout of the film positioning system.

-21-
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Optical wander elsewhere in the system does not effect the
position of the readout of the stages, but does create prob-
lems for the observer. While adjustments are being made,
the particular film image in the center of the field of view

should remain substantially at the center.

In order to further minimize the effect of image wander on
stereo fusion, it is preferred that the field stop be apodized
such that its edge is not sharp but subtends an angle of
about one degree to the operator's eye.

8.3 Optical Drive
Practically all of the optical elements will require some form
of mechanical drive. The drives will consist of electric
motors, suitable mechanical linkages, and the necessary
ways upon which the optical elements travel by the action

of the drives.

will provide the motors for the drives and the servo mech- STAT

anisms and feedback devices that link the moving elements

with the motors.,

The vendor is to supply the opto-mechanical design of the
assemblies and to provide the design of the equipment nec-

essary to interface with the driver and the servo components.

-22-
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Various methods of designing the optical drive servo system

are presently under consideration Full flexibility STAT

is allowed the vendor (subject tDapproval) to utilize STAT
any proven design philosophy in establishing the methods
to be used for adjusting the optical elements. Detailed
design considerations should include not only the conven-
tional movement of the glass lens elements by mechanical
means within the package designed by the vendor, but also
the possibility of using electronic position transducers as
function generators with servo position controls, to operate
the optical elements. The vendor would design a means of
mounting the motors and the transducers, a means of mount-
ing the lens elements, and a ways upon which they would
move and a provision for connecting the motors to each of

the moving lens elements.

E would provide the servo electronic linkages and would STAT
design the function generator characteristics of the electronic
transducers. These transducers might consist of linear poten-
tiometers characterized for the mathmatical functions required

by the optical system.
The final choice of overall system would be based on the

optical performance and the degree of technical complication

and fabrication difficulty expected. The optical designer

-23-
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must establish all parameters for the required performance
of the drivers and servo system.,

8.4 Mounting Structure

will provide the design of a three-section mechanical STAT

structure upon which the optical hardware will be mounted.
The vendor will provide the design of the optical elements
in the form as assemblies integrated mechanically as

required and ready for mounting to the bridge sections

furnished ., The vendor must include in his design STAT

effort the provision for adjusting the mountings so that the
optical elements may be properly aligned in the bridges at
the time of fabrication of the overall stereo comparator

assembly.

The optical design vendor must furnish outside dimensional

data for his design in a timely manner so that the interfacing

information may be used STAT

The bridge will be arranged with one section attached to
each stage and a central eye piece section attached to the
main base frame of the stereo comparator. The three-plece
design is necessary to eliminate thermal expansion problems
and mechanical shock problems between the two stages and

the eye pilece arrangement.

-24-
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8.5

The central eye-plece section will be connected to each

of the stage sections by means of short flexible joints which
would be essentially dust covers and would not contribute

to any structural rigidity. In order to satisfy this mechanical
isolation feature of the bridge structure, the light path in
the area of the flexible joints would have to be substantially
collimated.

Film Plane Focussing Adjustment

There is a requirement for film plane focussing in each optical
leg. The objective and reticle assembly must be capable of
vertical movement over a distance of about T one eighth of
an inch to provide for focus on the film plane. In addition
there must be a fine focus arrangement which would cover a
vertical range of f 1/32" to accommodate focus adjustments

in sub-micron increments.

Note that the relation between the reticle and the selected
viewing point on the film object plane must not wander more
than T 1/4 of a micron during fine focus adjustment.
Environmental Conditions

The equipment must be designed to operate in a laboratory
environment. The nominal room temperature would be 72°
Farenheit with a possible variation of plus or minus 59, It
is anticipated that ordinarily during actual use of the stereo
comparator, the temperature will be maintained at 72° Faren-

heit plus or minus 1 .5° Farenheit.

-2 5-
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The normal Relative Humidity of the laboratory would be 55%
minus 5% plus 15%. There may be possible traces of photo-
graphic processing vapors present. The equipment must be
inherently capable of withstanding storage temperatures from
20° Farenheit to 120° Farenheit and humidities from essen-
tially zero to 90% Relative Humidity. Under these latter
conditions the equipment would not be required to be operable.
8.7 Shipping and Assembly
For the basis of the optical design it is anticipated that the
optical bridge elements which immediately interface with
the optical hardware would be supplied to the optical vendor
for assembly. Thus the assembly and tests of the various
optical elements would be performed in the plant of the optical
vendor. These resulting rather large sub-assemblies would
then be shipped to the stereo comparator assembly site for

installation.

In this present design only, contract, we are not directly
concerned with field problems. However, the optical designer
must bear in mind that this type of arrangement will exist and
the design philosophy must accommodate the type of field

installation normally encountered in practice.

_26_
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10 April 1967

Gentlemen:

STAT

is soliciting quotations for the detailed design of the optical system as
described in specification OS-2-302-15/18 enclosed. The optics, and
mechanical mounting are part of a present program to develop an ultra high
precision photogrammetric instrument.

Please find enclosed a bid package, including the technical exhibit, in-
structions on how to prepare your quote, schedule and terms and conditions.

\ requests that you acknowledge receipt of this STAT
package and declare your intentions to quote within seven days after receipt
of this request, or return the entire bid package to requestor.

] lanticipates a six month design effort by the STAT
selected vendor beginning on or about 21 May 1967. Therefore, technical
proposal and price quotation will be required for review on or about
1 May 1967.

Please state any exceptions or deviations from the technical specifications
or delivery in your offer.

If you require any assistance, please contact Contracts STAT
Administrator, Technical STAT
questions will be referred to | | Program Director, STAT
and timely answers are assured.

Respectfully,

STAT

WJIW:lab

enclosures
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PROPOSAL SCHEDULE

Please furnish quotations* as specified below on or about 1 May 1967.

1. If you are unable to quote, please so indicate within seven days

and return the Bid package.

2. Technical Proposal
12 copies

3. Price Quotation using Forms DD633-4 (sample enclosed)
5 copies

4, Minimum Financial Information

Financial Statement acceptable

3 copies

S. Management Proposal
5 copies

(Include Resumes of Key Personnel)

6. Proposed Delivery Schedule
(With major milestones flagged, e.g., "design freeze,

preliminary ray trace, sub-assembly drawings, " etc.)

This proposal will be supported by twelve (12) copies of a technical
proposal, including such schematic and/or block diagrams as may be
required, to illustrate clearly the manner in which it is proposed to

conduct the design project.

A complete quotation with regard to this procurement will consist of
two parts, i.e., a price quotation and a technical proposal. Both

parts are required for this quotation to be responsive.

*THIS IS NOT AN ORDER. This request does not commit| | STAT

\ 'to pay any costs incurred in the preparation STAT
or the submission of the quotation, or to procure or contract for

supplies and services.
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Proposal Schedule (contd.)

Information on the following is required to be submitted by the

Quoter as a part of his proposal:

a. A description of the Quoter's understanding of the scope of
the work as shown by the scientific or technical approach proposed.
This will include (i) an outline of the major factors to be investigated,
(ii) the general approach to the investigation of each, and (iii) the

extent of the total work anticipated.

b. A detailed engineering description of the item which will
include any block diagrams or schematics illustrative of how it is

intended to comply with the applicable specifications.

c. An outline by the Quoter of the problem(s) anticipated to be
encountered in complying with the specification requirements together

with the approach(es) to be applied in resolving such problems.

d. A full explanation of the reasons for any exception or
deviation taken, identified with the specification and by paragraph

within the specification. If no exception or deviation is taken, so state.

e. A statement by the Quoter on the general design characteristics

of the item.

f. A statement of the availability and competence of experienced
engineering, scientific, or other technical personnel. This shall provide
a brizf summary of the educational background and experience of key

contractor personnel and amount of time to be assigned to this project,

g. A brief summary of the Quoter's experience or pertinent novel

ideas in the specific branch of science or technology involved.

b, The Quoter's willingness to devote his resources to the
proposed work with appropriate diligence. This will include a statement
describing the proposed administrative assignments of the work within
the Quoter's organization, and will indicate the organizational units to be
assigned responsibility for the management of the proposed program and

the supporting relationship of other administrative units.

i. Other information as considered necessary in the particular case -
for example, an itemization of technical engineering aspects considered to be
of such importance that any deviation or exception thereto would tend to ex-

clude a prospective contractor from further consideration.
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SCHEDULE OF DELIVERABLE ITEMS

DESCRIPTION - SUMMARY

1.

10,

Preliminary Drawings

Three sets Blueline prints

Drawings
Two reproducible copies each

Three sets Blueline prints

Test and Inspection Data

Two reproducible copies

Detailed Specifications
Two reproducible copies each

Three Sets Blueline prints

Breadboards and Mock=-ups

One reproducible copy of drawings or data

Technical Direction Meetings as Requested by

at Contractor's Site

Not to exceed three

Progress Reports
One reproducible copy

Two copies

Briefing Materiel

**Fixed Price Cost Estimate for Fabrication

and Delivery of Hardware

**Hardware Schedule

**May be from other suppliers

0S-2-302-15/18

SCHEDULE

3 months after award

6 months after award

5 months after award

6 months after award

7 months after award

STAT

Monthly

5 months after award

6 months after award

6 months after award
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Schedule of Deliverable Items (contd.)

The deliverable items as specified shall be delivered to:

Ref. 0S-2-302-15/18

DESCRIPTION

1,

Drawings, Preliminary

Layout Drawings (informal) describing near approximations
of element configuration and relationship. Mechanical package
configuration, mechanical restrictions and constraints. Pre-

liminary specifications for the "system."

Drawings, Manufacturing

A complete set of manufacturing drawings, schematic and
specification drawings to best commercial standards for such
drawings. It is preferred that all engineering drawings be
orthographic, third angle projection. A complete materiels and
parts list, specifying all coatings, treatments, or special
processes required to fabricate and assemble as part of an ultra

high precision stereo comparator.

Test and Inspection Data

Procedure, techniques and equipment list required to certify

elements, components, sub-assemblies and system fabricated as

a result of this design effort.

Detailed Specifications

Ray traces, computer runs, materiels, coatings (transmitting

and reflecting), illuminance and spectral characteristic estimates,

design and notebook data, and performance data incidental to the

effort as described herein.

STAT

STAT
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Schedule of Deliverable Items (contd.)

of the parts, components and assemblies as designed and installed

in or on the structure of the Stereo Comparator. The cost estimate

will estimate labor and all materiel in detail and summarize on

Form 633-4. This effort may be with the assistance of other

approved suppliers.

1 O‘. Hardware Schedule

The vendor will, as a result of his design program, submit a

proposed fabrication schedule for the hardware., This may be with

the assistance of an

approved supplier if the capability for

fabrication does not exist with the designer.

STAT

STAT
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Schedule of Deliverable Items (contd.)

5. Breadboard, Mock-ups
In the event the effort requires mock-up, or breadboard of
any part or assembly to ascertain the practicability or proof of
design, this hardware, including associated data or notes will

be included as deliverable and its disposition will be determined

STAT

6. Technical Direction Mettings
As stated in the Technical Exhibit, concurrent with the optic
system design, Eengineering is developing the electro-mechanical  STAT
components for the instrument. Close technical liaison will require
"on-the-spot" technical meetings. Please include in your quotation

these anticipated visits,

7. Progress Reports
The vendor shall prepare and furnish monthly progress reports.
Such reports shall contain a brief statement of the work completed
during the preceding month and a description of work contemplated
for the succeeding month., In addition, the reports shall contain a
graph showing dollars expended on the ordinate versus time (in
weeks) and percent of subcontract completion on the abscissa.
Assuming progress payments are requested of the contractor, a
forecast of the major elements of cost during the next reporting

period will be required.

8. Briefing Materiel
Pertinent and descriptive technical materiel will be presented,
per schedule, describing the optical system. This will be in the
form of briefing boards (flip cards, 30" x 40") along with a short

narrative for each.
A minimum number, no more than six, is requested.

9. Fixed Price Cost Estimate for Fabrication and Delivery of Hardware
During the course of this program, the vendor is required to

develop a "best possible" estimate of the cost of the fabrication

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6



Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6

Subcontract No.

Effective Date

Contractual Provisions

(a) Definitions - As used in this subcontract, ‘ STAT
| | ARTICLE STAT

(S) means the items, parts, supplies, assemblies, data, information,

drawings and services to be delivered to|  hereunder; and Seller means STAT

the person accepting this subcontract.

(b) Changes - may at any time by a written order, make changes STAT

within the general scope of this contract in any one or more of the following:

(i) Drawings, designs or specifications where the articles are to be specially
manufactured for|:| (ii) Method of shipment or packing; or (iii) Place of STAT
delivery. If any such changes causes an increase or decrease in the cost of

or the time reguired for the performance of any part of this contract. an

equitable adjustment shall be made in the contract price or delivery schedule,

or both, provided that the Seller shall not be entitled to such equitable

adjustment unless the Seller asserts his claim therefore within 10 days from

his receipt of a given change. Nothing in this clause shall excuse the

Seller from proceding with the contract as changed.

(c) Warranty - The subcontractor shall fully guarantee all items supplied
for latent design defects for a period of twelve (12) months from final
acceptance. The guarantee shall include all parts and labor. Unless
expressly authorized, all repairs will be performed at site.

(d) Inspection - Articles purchased hereunder are subject to final inspection

and approval atSplant, notwithstanding any other inspection, unless STAT
otherwise specifically stated on this contract. Neither compliance by Seller
with instructions or suggestions by any employee of] payment of STAT

Seller's invoice for any article prior to final inspection shall be deemed an
acceptance of the article or a waiver of the right of inspection or any other

right herein reserved or relieve Seller of any obligation or liability under the

terms and conditions of this contract. Defective articles will be rejected by

NRI and the unit prices thereof will be debited against the invoice covering

the shipment in which such products were included. Articles rejected will be

held at Seller's risk and subject to Seller's disposal for a reasonable time, and

if not disposed of by the Seller, will be sold or otherwise disposed of at the
reasonable discretion onor the Sellers account. STAT

(e) Patent Indemnity - Seller shall, at its expense, hold harmless and

defend its customers and all persons claiming under,  |against STAT
any suit or suits for the infringement of any patent, copyright or trademark,

and shall indemnify the aforesaid parties against all damages, costs and

expenses arising therefrom by reason of tr.e manufacture, sale or the normal

and intended use of the articles covered by this Contract|  Agrees to STAT
Give Seller prompt notice in writing of any suit for infringement and such

opportunity as is afforded by applicable law=, rules or regulations to partici-

pate in the defense thereof.

-1 -
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Subcontract No.

Effective Date

(f) Default - (a)gmay by written notice of default to Seller terminate STAT
this contract or any part thereof if Seller (1) fails to deliver articles in

accordance with the delivery dates specified, or (i1) so fails to make

progress as to endanger performance of this contract or fails to comply

with any of the other provisions of this contract and, in either case speci-

fied in (i1i) does not cure such failure with a period of 10 days after receipt

of notice fron]  |specifying such failure. STAT

(b) In the eventp terminates this contract in whole or in STAT
part as provided in paragraph (a) of this clause,|  |may procure upon STAT
such terms as|  |may deem appropriate, articles similar to those so STAT
terminated and the Seller shall be liable to|  for any excess costs STAT
occasioned| |thereby, provided that the Seller shall continue the per- STAT

formance of this contract to the extent not terminated under the provisions
of this clause.

(c) Seller shall not be liable for excess costs when the
failure of Seller to make deliveries in accordance with the delivery dates
i1s due to causes beyond the control and without the fault or negligence of
Seller. However, no cause shall relieve the Seller of liability unless
Seller has notified|  |in writing of the existence of such cause within STAT
10 days from the beginning thereof.

(d) The rights of[  lunder this clause shall not be STAT
exclusive and are in addition to other rights provided by law or this contract.
(g) Cancellation - at any time by written notice, may cancel this STAT
Contract or any part thereof at its convenience, in which event shall be STAT

liable for the payment of reasonable cancellation charges which shall take

into account among other things expenses already incurred and the Seller's

actual liabilities against commitments made pursuant to this Contract. In

no event, however, shall Ebe liable for cancellation charges which STAT
include anticlpatory profits or which are in excess of the Contract price for
cancelled articles.,

(h) General - (a) Assignment. Neither this contract nor any interest
therein shall be assigned by the seller without the prior written consent of

except that monies due or to become due under this contract may be STAT
assigned upon written notice received and acknowledged by] | provided STAT
that shall have the right to ignore any assignment of monies which in STAT
any way, except for the obligation to pay the assignee, purports to alter or
affect any right or duty of or the Seller under this Contract. STAT

(b) In the event of the appointment of a trustee, recelver
or liguidator for all or a portion of Seller's property, or for any act of bank-
ruptcy by the Seller as defined in Section 3 of the Bankruptcy Act,
amended, or for any voluntary petition in bankruptcy by the Seller,ﬁmay
terminate the right of Seller to proceed with the further performance of this
Contract without further obligation except thaﬂjshall be obligated to pay STAT
for any articles delivered and accepted prior to any of the foregoing occurrences.

STAT

Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6



Declassified in Part - Sanitized Copy Approved for Release 2012/08/24 : CIA-RDP79B00873A001400010012-6
Subcontract No.

Effective Date

(c) Note of Labor Disputes. Whenever an actual or potential
labor dispute is delaying or threatens to delay the timely performance of this
contract, Seller shall immediately give]  |notice thereof. Such notice STAT
shall include all relevant information relating to such dispute.

(d) Price Omission. If the price for any article is omitted,
such article shall be invoiced to|  Jat the lowest prevailing market price, STAT
less maximum trade discounts.

(i) Data - (@) The term "Subject Data" as used herein includes writings;
sound recordings, pictorial reproductions, drawings or other graphical repre-
sentations, and works of any similar nature (whether or not copyrighted)
which are specified to be delivered under this contract. The term does not
include financial reports, cost analyses, and other information incidental to
contract administration.

(b) The Seller agrees to and does hereby grant to@ and STAT
to its officers, agents, and employees acting within the scope o eir
official duties, a royalty-free, nonexclusive and irrevocable license through-
out the world to publish, translate, reproduce, deliver, perform, dispose of,
and to authorize others so to do, all Subject Data now or hereafter covered
by copyright; provided, that with respect to the Subject Data now or hereafter
covered by copywright and not originated in the performance of this contract,
such license shall be only to the extent that the Seller, his employees, or
any individual or concern specifically employed or assigned by the Seller to
originate and prepare such Data under this contract, now has, or prior to
completion or final settlement of this contract may acquire, the right to grant
such license without becoming liable to pay compensation to others solely
because of such grant.

(c) The Seller shall exert all reasonable effort to advise STAT
at the time of delivery of the Subject Data furnished under this contract,
(1) of all invasions of the right of privacy contained therein and (ii) of all
portions of such Data copied from work not composed or produced in the per-
formance of this contract and not licensed under this clause.

(d) The Seller shall report tog promptly and in reasonable STAT
written detail, each notice or claim of copyright infringement received by the
Seller with respect to all Subject Data delivered under this contract.

(e) Nothing contained in this clause shall imply a license to
NRI under any patent or be construed as affecting the scope of any license
or other right otherwise granted togunder any patent. STAT

(f) Subject to the provisions of (b) above and unless otherwise
limited below, may duplicate, use, and disclose in any manner and for STAT
any purpose whatsoever, and have others do so, all subject Data delivered
under this contract.
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(g) The Seller recognizes that a foreign government with funds
derived through the Mutual Security Program or otherwise through the United
States Government and may contract for property or services with respect STAT
to which the vendor may be liable to the Seller for charges for the use of
Subject Data on account of such a contract, The Seller further recognizes
that it is the policy of  ]and the Government not to pay in connection with STAT
its contracts, or to allow to be paid in connection with contracts made with
funds derived through the Mutual Security Program or otherwise through the

United States Government, charges for data whichg and the Government STAT
have a right to use and disclose to others, or which is in the public domain,
or with respect to which|  jand the Government have been placed in STAT

possession without restrictions upon its use and disclosure to others. This
policy does not apply to reasonable reproduction, handling, mailing, and
similar administrative costs incident to the furnishing of such data. In
recognition of this policy, the Seller agrees to participate in and make appro-
priate arrangements for the exclusion of such charges from such contracts or
for the refund of amounts received by the Seller with respect to any such
charges not so excluded.

(h) Notwithstanding any provisions of this contract concerning
inspection, and acceptance,|  |shall have the right at any time to modify, STAT
remove, obliterate or ignore any marking not authorized by the terms of this
contract on any piece of Subject Data furnished under this contract.

(1) Data need not be furnished for standard commercial items
or services which are normally or have been sold or offered to the public
commercially by any supplier and which are incorporated as component parts
in or to be used with the product or process being developed if in lieu thereof
identification of source and characteristics (including performance specifica-
tions, when necessary) sufficient to enable and the Government to procure STAT
the part or an adequate substitute, are furnished; and further, proprietary data
need to be furnished for other items which were developed at private expense
and previously sold or offered for sale, including minor modifications thereof,
which are incorporated as component parts in or to be used with the product
or process being developed, if in lieu thereof the Seller shall identify such
other items and that "proprietary data" pertaining thereto which is necessary
to enable reproduction or manufacture of the item or performance of the pro-
cess. For the purpose of this clause "proprietary data" means data providing
information concerning the details of a Contractor's secrets of manufacture,
such as may be contained in but not limited to its manufacturing methods or
processes, treatment and chemical composition of materials, plant layout and
tooling, to the extent that such information is not disclosed by inspection or
analysis of the product itself and to the extent that the Seller has protected
such information from unrestricted use by others.

(j) Examination of Records - (a) The Seller agrees that the Comptroller of
and the Contracting Government Agency or any of his duly authorized STAT
representatives shall, untll the expiration of three years after final payment
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under this contract, have access to and the right to examine any directly
pertinent books, documents, papers and records of the Seller involving
transactions related to this Contract.

(b) The Seller further agrees to include in all his sub-
contracts hereunder a provision to the effect that the subcontractor agrees
that the Comptroller off | and the Contracting Government Agency or any STAT
of his duly authorized representatives shall, until the expiration of three
years after final payment under the subcontract, have access to and the
right to examine any directly pertinent books, documents, papers, and
records of such subcontractor involving transactions related to the orders
not exceeding $2,500. and (ii) subcontracts or purchase orders for public
utility services at rates established for uniform applicability to the general
public.

(k) Patent Rights - (a) As used in this clause, the following terms shall
have the meanings set forth below:

(i) The terms "Subject Invention" means any
invention, improvement, or discovery (whether
or not patentable) conceived or first actually
reduced to practice either

(A) in the performance of the experimental,
developmental, or research work called for
or required under this contract; or

(B) in the performance of any experimental,
developmental, or research work relating to
the subject matter of this contract which was
done upon an understanding in writing that a
contract would be awarded; provided that the
term "Subject Invention" shall not include any
invention which is specifically identified and
listed in the Schedule for the purpose of
excluding it from the license granted by this
clause.

(li) The term "Technical Personnel” means any
person employed by or working under contract with
the Seller (other than a subcontractor whose respon-
sibilities with respect to rights accruing to E%r STAT
the Government in inventions arising under sub-

contracts are set forth in (g), (h), and (i) below)

who, by reason of the nature of his dutles in

connection with the performance of this contract,

would reasonably be expected to make inventions.
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(1i1) The terms "subcontract" and "subcontractor"
mean any subcontract or subcontractor of the Seller
and any lower-tier subcontract or subcontractor
under this contract.

(b) (1) The Seller agrees to and does hereby grant to| |and STAT
the Government an irrevocable, nonexclusive, nontransferable, and royalty-
free license to practice, and cause to be practiced by or for|  |and the STAT
United States Government, throughout the world, each Subject Invention in
the manufacture, use and disposition according to law, of any article or
material, and in the use of any method. Such license includes the practice
of Subject Invention in the manufacture, use, and disposition of any article
or material, in the use of any method, or in the performance of any service
acquired by or for[  Jand the Government or with funds derived through the STAT
Mutual Security Program of the Government or otherwise through the Govern-
ment. No license granted herein shall convey any right to[  Jand the STAT
Government to manufacture, have manufactured, or use any Subject Invention
for the purpose of providing services or supplies to the general public in
competition with the Seller or the Seller's Commercial licensees in the
licensed fields.

(2) With respect to:

(i) any Subject Invention made by other than
Technical Personnel;

(i1) any Subject Invention conceived prior to, but
first actually reduced to practice in the course of, any of the experimental,
developmental or research work specified in (a) (i) above; and

(iil) the practice of any Subject Invention in foreign
countries; the obligation of the Seller to grant a license as provided in (b) (i)
above, to convey title as procided in (d) (ii) (B) or (d) (iv) below, and to
convey foreign rights as provided in (e) below, shall be limited to the extent
of the Seller's right to grant the same without incurring any obligation to pay
royalties or other compensation to others solely on account of said grant.
Nothing contained in this Patent Rights clause shall be deemed to grant any
license under any invention other than a Subject Invention.

(¢) The Seller shall furnish togthe following information STAT
and reports concerning Subject Inventions which reasonably appear to be
patentable:

(1) a written disclosure promptly after conception
or first actual reduction to practice of each such Invention together with a
written statement specifying whether or not a United States patent applica-
tion claiming the Invention has been or will be filed by or on behalf of the
Seller;
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(i) interim reports at least every twelve months,
commencing with the date of this contract, each listing all such Inventions
conceived or first actually reduced to practice more than three months prior
to the date of the report, and not listed on a prior interim report, or certifying
that there are no such unreported Inventions; and

(111) prior to final settlement of this contract, a final
report listing all such Inventions including all those previously listed in
interim reports.

(d) In connection with each Subject Invention referred to in
(c) above, the Seller shall do the following:

(1) 1if the Seller specifies that a United States patent
application claiming such Inventions will be filed, the Seller shall file or
cause to be filed such application in due form and time; however, if the
Seller, after having specified that such an application would be filed, decides
not to file or cause to be filed said application, the Seller shall so notify[ | STAT
at the earliest practicable date and in any event not later than eight months
after first publication, public use or sale.

(1) 1f the Seller specifies that a United States patent
application claiming such invention has not been filed and will not be filed
(or having specified that such an application will be filed thereafter notifies
Eto the contrary), the Seller shall: STAT

(a) informgin writing at the earliest practicable STAT
date of any publication of such Invention made by

or known to the Seller or, where applicable, of any
contemplated publication by the Seller, stating the

date and identity of such publication or contemplated
publication; and

(B) convey topthe Sellers entire right le, and STAT
interest in such Invention by delivering tﬁupon STAT
written request such duly executed instruments
(preparedbor the Government) of assignment STAT
and application, and such other papers as are

deemed necessary to vest in|  Jthe Seller's right, STAT
title, and interest aforesaid, and the right to apply

for and prosecute patent applications covering such
Invention throughout the world, subject, however,

to the rights of the Seller in foreign applications as
provided in (e) below, and subject further to the
reservation of a non-exclusive and royalty-free

license to the Seller (and to its existing and future
associated and affiliated companies, if any, within

the corporate structure of which the Seller is a part)
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which license shall be assignable to the
successor of that part of the Seller's business
to which such Invention pertains;

(111) the Seller shall furnish promptly togon request STAT
an lrrevocable power of attorney to inspect and make copies of each United
States patent application filed by or on behalf of the Seller covering any such
Invention;

(iv) in the event the Seller, or those other thanz STAT
deriving rights from the Seller, elects not to continue prosecution of any such
United States patent application filed by or on behalf of the Seller, the Seller

shall so notify[  |not less than sixty days before the expiration of the STAT
response period and, upon written request, deliver to the Seller such duly

executed instruments (prepared byilor by the Government) as are deemed STAT
necessary to vest in[__ |and the Government the Seller's entire right, title, STAT

and interest in such Invention and the application, subject to the reservation
as specified in (d) (i1) above; and

(v) the Seller shall deliver togduly executed instru- STAT
ments fully confirmatory of any license rights herein agreed to be granted to
r the Government. STAT

(e) The Seller, or those other than the Government deriving
rights from the Seller, shall, as between the parties hereto, have the exclu-
sive right to file applications on Subject Inventions in each foreign country
within:

(1) nine months from the date a corresponding United
States application is filed;

(i1) six months from date permission is granted to file
foreign applications where such filing had been prohibited for security
reasons; or

(1i1) such longer period as may be approved STAT
STAT

The Seller shall, upon written request, ‘or the
Government the Seller's entire right, title, and interest in each Subject
Invention in each foreign country in which an application has not been filed
within the time above specified, subject to the reservation of a non-
exclusive and royalty-free license to the Seller together with the right of

the Seller to grant sub-licenses, which license and right shall be assignable
to the successor of that part of the Seller's business to which the Subject
Invention pertains.

(f) If the Seller fails to deliver to Ethe interim reports STAT
required by (c) (i1) above, or fails to furnish the written disclosures for all
subject Inventions required by (c) (i) above shown to be due in accordance
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with any interim report delivered under (c) (ii) or otherwise known to be
unreported, there shall be withheld from payment until the Seller shall have
corrected such failures either ten percent (10%) of the amount of this
contract, as from time to time amended, or five thousand dollars ($5, 000),
whichever is less. After payment of eighty percent (80%) of the amount of
this contract, as from time to time amended, payment shall be withheld

until a reserve of either ten percent (10%), of such amount, or five thousand
dollars ($5, 000), whichever is less, shall have been set aside, such reserve
or balance thereof to be retained until the Seller shall have furnished to NRI:

(1) the final report required by (c) (i1ii) above;

(li) written disclosures for all Subject Inventions required
by (c) (1) above which are shown to be due in accordance with interim reports
delivered under (c) (ii) above, or in accordance with such final reports, or
are otherwise known to be unreported; and

(1ii) the information as to any subcontractor required by
(h) below.

The maximum amount which may be withheld under this paragraph (f) shall not

exceed ten percent (10%) of the amount of this contract or five thousand

dollars ($5, 000) whichever is less, and no amount shall be withheld under

this paragraph (f) when the amount specified by this paragraph (f) is being

withheld under other provisions of this contract. The withholding of any

amount or subsequent payment thereof to the Seller shall not be construed as

a wailver of any rights accruing Sor the Government under this contract. STAT
This paragraph (f) shall not be construed as requiring the Seller to withhold

any amounts from a subcontractor to enforce compliance with the patent pro-

visions of a subcontract.

(g) The Seller shall exert all reasonable effort in negotiating
for the inclusion of a patent rights clause containing all the provisions of
this Patent Rights clause except provisions (f) and (i) in any subcontract
hereunder of three thousand dollars ($3, 000) or more having experimental,
developmental, or research work as one of its purposes. In the event of
refusal by a subcontractor to accept such a patent rights clause, the Selle
shall not proceed with the subcontract without written authorization’i
or unless there has been a waiver of the requirement as hereinafter provided.
The Seller, if unable to comply with the requirement that such a patent rights
clause be included in a subcontract after exerting all reasonable effort to do
SO, may submitSa written request for waiver or modification of such STAT
requirement. If, within thirty-five (35) days after the receipt of such request,

does not mail or otherwise furnish the Seller's written denial of such STAT
request or notification that|  |requests the Seller's cooperation with[  Jor STATT
the Government, which the Seller agrees to provide, in negotiating with the
subcontractor for the acceptance of a suitable patent right clause, the require-
ments shall be deemed to have been waived by s to all patent rights STAT
provisions with respect to Subject Inventions, except such provisions, if any,

STAT
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relating to the production or utilization of special nuclear material or atomic

energy. Such request shall specifically state that the Seller has used all

reasonable effort to comply with said requirement and shall cite the waiver

provision hereinabove set forth. The Seller is not required, when negotiating

with a subcontractor, to obtain in behalf  |or the Government any rights STAT
in Subject Inventions other than as provided herein. However, the Seller is

not precluded from separately negotiating with a subcontractor for rights in

Subject Inventions for the Seller's own behalf, but any costs so incurred shall

not be considered as an allowable charge or cost under this contract. Reports,
instruments, and other information required to be furnished by a subcontractor

under the provisions of such a patent right clause in a subcontract STAT
hereunder may, upon mutual consent of the Seller and the subcontractor (or by
direction|  |be furnished to the Seller for transmissionz STAT

(h) The Seller shall, at the earliest practicable date, notify

Ein writing of any subcontract containing one or more patent rights clauses; STAT
furnishga copy of each such clauses; and notify when such sub- STAT
contract is completed. It is understood that with respect to any subcontract

clause granting rights to Qor the Government in Subject Inventions, STAT
and the Government are third party beneficiaries, and the Seller hereby

assigns to]  |and the Government all rights that the Seller would have to STAT
enforce the subcontractor's obligations for the benefit ofg and the STAT
Government with respect to Subject Inventions. If there are no subcontract

containing patent rights clauses, a negative report is required. The Seller

shall not be obligated to enforce the agreements of any subcontractor here-

under elating to the obligation of the subcontractor togand the Government  STAT
in regard to Subject Inventions.

(1) When the Seller shows that he has been delayed in the
performance of this contract by reason of the Seller's inability to obtain, in
accordance with the requirements of (g) above, the prescribed or other
authorized suitable patent rights clause from a qualified subcontractor for
any item or service required under this contract for which the Seller himself
does not have available facilities or qualified personnel, the Seller's
delivery dates shall be extended for a period of time equal to the duration
of such delay. Upon request of the Seller,[  |shall determine to what extent, STAT
if any, an additional extension of the delivery dates and increase in contract
prices based upon additional costs incurred by such delay are proper under
the circumstances; and the contract shall be modified accordingly.

() The Seller recognizes that a foreign Government with funds
derived through the Mutual Security Program or otherwise through the United
States Government and may contract for property or services with respect STAT
to which the vendor may be liable to the Seller for royalties for the use of a
Subject Invention on account of such a contract. The Seller further recognizes
that it is the policy ofgand the Government not to pay in connection made STAT
with its contracts, or to allow to be paid in connection with contracts made
with funds derived through the Mutual Security Program or otherwise through
the United States Government, charges for use of patents in whichgand STAT
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Subcontract No.

Effective Date

the Government holds a royalty-free license. In recognition of this policy,
the Seller agrees to participate in and make appropriate arrangements for
the exclusion of such charges from such contracts for the refund of amounts
recelved by the Seller with respect to any such charges not so excluded.

(1) Filing of Patent Applications - (a) Before filing or causing to be filed

a patent application disclosing any subject matter of this contract, which

subject matter is classified "SECRET" or higher, the Seller shall, citing the

thirty (30) day provision below, transmit the proposed application to[  |for STAT
determination whether, for reasons of national security, such application

should be placed under an order of secrecy or sealed in accordance with the
provisions of 35 U.S. Code 181-188 or the issuance of a patent should be

otherwise delayed under pertinent statutes or regulations; and the Seller

shall observe any instructions ofgwith respect to the manner of Delivery STAT
of the patent application to the U. S. Patent Office for filing, but the Seller

shall not be denied the right to file such patent application. Ifg shall STAT
not have given any such instructions within thirty (30) days from the date of

mailing or other transmittal of the proposed application, the Seller may file

the application.

(b) The Seller shall furnish toz at the time of or prior to STAT
the time when the Seller files or causes to be filed a patent application dis-
closing any subject matter of this contract, which subject matter is classified
"CONFIDENTIAL, " a copy of such application for determination whether, for
reasons of national security, such application should be placed under an
order of secrecy or the issuance of a patent should otherwise be delayed under
pertinent statutes or regulations.

(c) In filing any patent application coming within the scope
of this clause, the Seller shall observe all applicable security regulations
covering the transmission of classified subject matter.

STAT

By By
Date Date
By
Date
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COST AND PRICE ANALYSIS - RESEARCH AND DEVELOPMENT CONTRACTS

FORN APPROVED

(This form is to be used in lieu of DD Form 633, as provided under ASPR 16-206. It will BUDGET BUREAU NO. 22-R208
be executed and submitted with proposals in response to "Requests for Proposals,® for the
procurement of research and development services. If your cost accounting system does not PURCHASE REQUEST NUMBER

permit analysis of coats as requited, contact the purchasing office for further instructions.)

NAME AND ADDRESS OF OFFEROR TITLE OF PROJECT

DETA{L DESCRIPTION

1. DIRECT LABOR (Specify) EST IMATED RATE fouR |- TOTAL ESTIMATED
HOURS EM COST (Dollars)

TOTAL DIRECT LABOR
2. BURDEN (Overhead - specify) DEPARTMENT OR COST CENTER BURDEN RATE X BASE = BURDEN (§)

TOTAL BURDEN
3. DIRECT MATERIAL EST COST ($)

TOTAL MATERIAL
4. SPECIAL TESTING (Including field work at Government ipstallations)

TOTAL SPECIAL TESTING
5. SPECIAL EQUIPMENT (If direct charge - specify in Exhibit B, reverse)
6. TRAVEL (If direct charge)

a. TRANSPORTATION

b. PER DIEM OR SUBS!STENCE

TOTAL TRAYEL
7. CONSULTANTS (Identity - purpose - rate)

TOTAL CONSULTANTS
8. SUBCONTRACTS (Specify in Exhibit A on reverse)

9. OTHER DIRECT COSTS /Specify in Exhibit B on reverse - explain royalty costs, if any)

10. TOTAL DIRECT COST AND BURDEN

11. GENERAL AND ADMINISTRATIVE EXPENSE (Rate % of item nos. )
12. TOTAL ESTIMATED COST

13. FIXED FEE OR PROFIT (State basis for amount in proposal)

14 TOTAL ESTIMATED COST AND FIXED FEE OR PROFIT

DD .« 633-4
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15. OVERHEAD RATE AND GENERAL AND ADMINISTRATIVE RATE |INFORMAT ION
A. GOVERNMENT Zu"tT PERFORMED DATE OF AUDIT ACCOUNTING PERIOD COVERED
D YES NO D PENDING
B. NAME AND AODRESS OF GOVERNMENT AGENCY MAKING AUDIT C. DO YOUR CONTRACTS PROVIDE NEGGTIATED OVERHEAD RATES

(ASPR 3-704)? (If yes, name Agency negotiating rates)

0. (If no Government rates have been established furnish the following information)

DEPARTMENT QR COST CENTER RATE BASE TOTAL INDIRECT EXPENSE POOL BASE FOR TOTAL

16. EXHIBIT A - SUBCONTRACT INFORMATION (If more space needed, use blank sheets, identifying item number)

SUBCONTRACT
NAME AND ADDRESS OF SUBCONTRACTOR (S) SUBCONTRACTED WORK
TYPE AMOUNT

17. EXHIBIT B - OTHER DIRECT COSTS (Specify. If more space needed, use blank sheets, identify

—r

ing item number)

CERTIFICATE

The labor rates and overhead costs are current and other estimated costs have been determined by gen-
erally accepted accounting principles, Bidder represents: (a) that he [:] has, D has not, employed
or retained any company or person (other than a full-time bona fide employee working solely for the
bidder) to solicit or secure his contract, and (b) that he D has, D has not, paid or agreed to pay
to any company or person (other than a full-time bona fide employee working solely for the bidder) any
fee, commission, percentage or brokerage fee, contingent upon or resulting from the award of this con-
tract, and agrees to furnish information relating to (a) and (b) above, as requested by Contracting
Officer. (For interpretationof the representation, tncluding the term "bona fide employee,"
of Federal Regulations, Title 44, Part 150.)

see Code

Number of contractor employees D Over 500 D Under 500

State incorporated 1in

DATE . SIGNATURE AND TITLE OF AUTHORIZED REPRESENTATIVE OF CONTRACTOR
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OPTICAL SYSTEM

BIDDERS LIST
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